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LETTER 1. 

lotrodiiction ; cause and object of the work explained, and rhe 
plan laid down* 

My young FRIEM'Dj 

IN conformity with the request of yoi|r exce^ent 
father, made, 1 believe, with your conscsit and appro- 
bation, I now undertake to lay before you, in a series 
of letters, such a familiar account of the principles of 
natural philosophy, as shall en^le you to punsue the 
subject yourself at your leisure, and, at time, 

prepare you for an attendance upon the lectures deli- 
vered at the Royal, or any other of our scientific insti- 
tutions, to which your situation may give you a r£ady 
access. • • 

The attention and kindness jahich you ^ave ever ex- 
perienced from him who sustains^ with regard to you, 
the interesting character of a tender ppTent and affec- 
tionate friend, w'ill, 1 am sure, induce you to pay a 
mai ked regard to whatever he recommends as likely to 
be useftfl in your future pursuits in life* With this 
persuasion 1 will, without hesitatiqn^ transcribe a part 
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of hb letter, written on the subject, though not in- 
tended for your eye. The following is an extracit ; — 

Since my son left school I put into his hand the 
^ Scientific Dialogues/ with w hich he appears to be 
much interested, and by means of the questions con- 
tained in the supplementary volume, 1 have examined, 
as far as my leisure from business has allowed 
the progress that he has made in scientific knowledge ; 
the result has been satisfactory to my mind. He is 
now leaving home for the metropolis, the thought of 
which creates in my heart a degree of anxiety that I 
never before experienced, and which, probably, none 
but a father, acquainted with the seductions of the 
world, can feci. Nothing, I apprehend, is so likely 
tp secure the integrity and virtue of a youth entering 
tlie world, fts to afford him full employment for bis 
mind, and, if possible, to interest him in philosophi- 
cal pumuits and scientific research. I know you will 
enter into my feeBags, and 1 defend on you for se- 
condii^g^y views. 

** Wbat 1 parucularly wish, is that you would, by 
a series of letters to my much loved son, become bis 
instructor in important knowledge. Let him have 
from your pen disaussioiis on the same subjects treated 
of in the^ volumes ta which I have already referred. 
Divested of tb4 form of dialogues, they will have 
tile advantage of a certain degree of novelty, w'bile, 
at the same time, they will necessarily bring to hia 
recollection all the leading facts contained in tlie 
* Scientific Dialogues/ • 

** He has, a% you know, lately emerged from a 
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school, in M^hich scarcely any thing Wds regarded as 
important but classical learning : h^ hoi^i pro- 
bably, fed himself surrounded with objects that at- 
tract his attention afid excite his curiosity ; I anx- 
ious that he should have that curiosity gratified by an 
explanation of th^ principles oh which they act. I 
* am desirous that he should coihprehend the mecha- 
nism of clocks and watches, and of other things in 
familiar use, as well as of instruments more strictly 
denominated philosophical " 

Such, my dear sir, are the anxious views of him, who 
is, and who justly claims to be, an object dearer to you 
than any other object in the world; and in compliance 
with the wish of my friend, and your father, I shall pro- 
ceed to the task imposed bn me. How far I shall be 
able to answer bis expectations, or yours/f I Cannot pte« 
tend to judge* One thing, I hope, I may promise ; 
my letters shall not indulge in any visionary theories, I 
will, in general, confine myself to principles |hat are 
either demonstrable in themselves, or having 

stood the test of examination, are admitted as true. 
You shaU not, in your subsequent enquiries, have to un- 
learn, as erroneous, what my letters have represented as 
matters of fatft. You may, and I trust you will, carry 
your researches much farther* than 1 sh^}! pretend to 
conduct you in the journey of science, and I shall be 
quite satisfied if my letters have the effect of exciting 
in you a thirst for philosophical knowledge. 

I am fully aware of the difficulties and disadvantages 
under ^ich a person must labour who attends .public 
lectures on any science, w'ithout baYing first studied the 
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principles^ in some work professedly introductory to the 
subjects discussed in the lecture room. These oifficul- 
ticvS I shall, trust, be able, in a great measure, to 
obviate with respect to yourself, if you consent to at- 
tend wifti some assiduity to each of jny letters, which I 
v\ill confine within as narro^ limitl^s is consistent with 
perspicuity, and which you should not only read, but 
lender familiar to your mind. 

Conversation on these topics you would undoubtedly 
find of great advantage, but as our situations do not ad- 
mit of this, I will at the end of each letter* give you a 
tew leading questions, by means of which you may ex- 
amine yourself as to what you have really learned from 
the perusal. If, upon such self-scrutiny, you find your- 
self uicotnpetent to the task of answering every question 
propo^d, you may be sure either that you have not read 
with sufficient attention, or that I have not illustrated 
the subject so well as I ought. In such circumstances 
let me recommend you to give the letter another peru- 
sal, which, tl fear not, will, in almost all cases, solve 
your doubts, but if not, you must allow me the oppor- 
tunity of a furtiter explanation. 

* Tjhate qaettioas are tbrowo to the end of the volame, aod (hey 
are so formed u to enable*the stodent, not only to examine himself 
o« the facts eoq|aiiied io each^etter, bat to famish him with a suffi- 
cient cine to write, in liis own words, on the same subject. 



5 




MECHANICS. 


LETTER II. 

Intioduction to Mechanics — Matter de6ned, and its Properties 
investigated — Cnrions instances of the DiviiliSility of Matter 
— Motion explained by familiar Examples — Composition of 
Forces. 

Having explained to you my plan, and laid before 
you the topics whicli I mean particularly to engage your 
attention, i shall, my friend, without farther preface, 
begin with the subject of mechanics. ^Tbis science, 
which is intimately connected with the arts of life, leads 
us to enquire iuto the forces by which bodies, whether 
animate or inanimate, may be %iade to act upon one 
another, and likewise into the means b^ which these 
may be increased, so as to overcome sucli as are more 
powerful. As introductory to mechanics,” you must 
be informed of the nature and properties of mattep; 

Every thing we see and feel giay be called (natter, 
which, in a philosophical sense, is defined a solid, ex- 
tended y inactive^ and moveable substance. This defi- 
nition you will easily understand as applicable to any 
thing that you select as an example.^ l1ie letter which 
you read, a book, the table. Sic, are all composed of 
matter, jTor all are solid, have extension,^ are iu^ them- 
selves inactive, but may be moved. Cast your eyes 
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around you, and you will perceive nothing, however 
small, or however large, to which these properties do 
not apply. The earth on which you tread, and the air 
which you breathe, possess all these properties: the 
formerrinay be loo large for human force to move ; but 
1 shall prove to you that it has two motions, the one by 
which it is perpetually turhirig on its axis, and the other 
by w hich it travels 66,000 ipiles an hour in its journey 
round the sun : the latter, that is the air, you will soon 
perceive is much a solid substance as the table at 
which ypu sit. 

Experiment !• Take a glass tumbler, and invert 
ii perfectly upright in a vessel of water ; the water will 
rise only to a small height in the glass, because, though 
tb(r uir contained in it may be compressed, that is, may 

be made to occupy a smaller space than it naturally oc- 
cupies, it is a solid substance, and will not admit another 
body in the part of space which it fills. 

E\. 11. Tie up a jmall quantity of air in a bladder, 
and you wijl have as much resistance from that as you 
would from a brick or a block of stone; and while the 
air remains ir; the bladder, it is as impossible to bring 
the sides together as it would the opposite sides of a 
brick«« 

^0 * ft ^ • • 

What I have said of air you will readily believe is 
applicable t6 whaler, or* to wine, or quicksilver, wdiich 
are fluids as wcill as the air; die latter, indeed, is invi- 
sible, but our feeliilgs assure us of its existence, as much 
as our sight does of tintt of other fluids. Therefore, 
by matter, i mean every thing in nattire, whether solid 
or flnifl. 
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It IS difficult to say of what matter is composed ; be- 
cause,* though it may be demonstrated to be capable of 
division without end, yet the smallest portion, after such 
division, is precisely of the same nature as the lai^gesl. 
Here, as far as mechanical instruments are concerned, 
we are stopped in our inquiries; by chemical analysis we 
pan go farther, but still we are, probably, very far from 
finding out the nature of the first particles of matter 
from whence bodies originate. 

You may, perhaps, be curious to know how it is 
proved that matter may be infinitely divided* Tliat the 
thing is capable of demonstration you will easily com- 
prehend: Suppose Plate I. fig* 1> ah to be a small 
particle of matter, and d to be the upper and h the un- 
der surface. I draw two parallel lines a b and c d, 
that is, lines which will never meet or come nearS* to- 
getlier, though extended for ever ; in the line A B I 
take any point, as r, and from that point I draw the 
lines jTt?; xy; xz; jrd, Sec. ¥ou perceive xv takes 
off a certain portion of the particle ah; xy tales off a 
larger part; and the other lines xz, other and 

larger portions; but if the two lines a b and c n were 
extended for ever, and lines drawn from x to ihebmost 
remote part pf c d, still the last^line, if there ceuld be 
a last line, would leave a portion of a & untouched, be- 
cause the line xd could not coincide with*A B* 

It is true we have no ilistruments fine enough to carry 
on this sort of division to any very ^eat lei^tb, but the 
thing is not less true because we are incapable of per- 
forming it, and I can repeat to you some very^strikii^ 



s 


MECHAWICS. 


instances in which the actual division of matter is car- 
ried to great lengths. « 

i. Silver ai^d gold, melted together, easily incorpo* 
rate, so that if a single grain of gold be melted with an 
ounce, 4>r 5760 grains of silver, the gold will be equally 
diffused over the whole mass ; if one grain of this mass 
be dissolved in nitric acid, Uie silver will unite with the 
acid, and the gold, which can be only the part of 
a grain, will be found at the bottom of the vessel. 

11. A singi^ pound of wool has been spun into a 
thread of 168,000 yards long; a pound, avoirdupois, 
consists of 7fiOO grains, therefore a yard of this thread 
will weigh only .^\th part of a grain, what then will an 
inch weigh ? not the eight hundred and sixtieth part of a 
grain.^ But the tenth, or perhaps the hundredth, part 
of al> inch of this thread is visible to the naked eye, and 
then the weight of this portion of it will, in one case, be 
less than the eight-thousandth, and in the other less than 
the eighty-thousandth part of a grain. 

HI. Gold-beaters are able to spread a grain of gold 
over so laige a ^surface, that, ty the assistance of a com- 

^ The pound svoi^'dopois is usually divisible into drams as tlic 
lowest denomiridtioii ; but is found that 175 pounds troy are equal 
to 144 pounds avoirdupois ; a pound troy is eqnnt to 5760 grains, 
therefore 175 pound r: 1,008,000 grains : of course 1,008,000, di- 
vided by 144 gi^es 7000 for tlm number of grains in a pound avoir- 
dupois,; Irence part of q grain: and the S6ih part of 

ttiis is equal — part of a grain ; and the hundredth 
part of tbi. w eqnal to P'ft • 8«'"- 
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tnon microscope, the fift^^millionlh part of a grain be- 
comes visible. 

jv. The natural divisions of matter ^are carried to 
still greater and more surprising lengths. Take a single 
grain of musk for an example. It will fill ever^ part of 
the room with a very high scent, without losing, per- 
haps, a niilliontli part of its weight; of course the grain 
Is divisible into 6 , 912 , 000 , 000 , 000 , 000,000 parts.* 

V. 1 will mention another instance: there are said to 
be more living animalculee in the milt o& a single cod- 
fish than human beings in the world, and that they ase 
so minute, tliat several millions are scarcely bigger than 
the smallest grain of sand : 

— . So wondrons nnall, 

Were miUiona join'd, one grain of sand wonld cover alt; 

Yet each, witliin its little bulk, contains ' * 

An heart which drives tlie torrent through the veins. 

llow small must that heart be, yet it is composed of 
many still smaller parts ; and llie globules of fluid, cir- 
culating to and from this heart, must be indefinitely 
smaller than the minute veins and arteriet thr6ugh which 
they pass. 


* Suppose the room to be SO feet square and 10 feet High, then 
it will contain SOX 90x 10 == 4000 cubic feet ; in each cubic foot 
there are 17^8 cubic inchc»; it *C0Dtain8 theoc. 6,91 2,000 cubic 
inches ; if each cubic inch be divided thto one million of parts, 
which w'ir^ be the case if tiie inch in )eng|ifbe divided into 100 
parts, then the millionth part of a grain of Wsk will fill 6.912,000 x 
1,000,000, or 6,912,000,000,000, so many small parts of s|>ace ; or the 
(^raiii may be supposed to be divided into 6,912,000,000,000,000,000 
pa» ts, a? above. * 
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These facts cannot fail to prove to yoii^ that mailer is 
divisible far beyond the limits of our conception. ^ 

I need iiot'^stop to demonstrate the properties of ex- 
tension ancf mobility as belonging to matter : you know 
that matter, however small, must occupy a certain space, 
w hich it does by extension ; and, however large, it is 
capable of being moved, if^ we possess powers adequate 
to the task. 

We must consider the subject of motion more at 
large, becausocupon it much of mechanical philosophy 
depends. Motion may be defined ** A change of place 
and no changes in the universe can take place without 
motion : of this there are two principal kinds or spe- 
cies : one is the sort of motion by means of which a 
body is tranferred from one place to another, as the mo- 
iion*of a ball shot from a cannon, or of a vessel moving 
on the water, or of a carriage on the land. The other 
kind of motion is of the parts of bodies among them- 
selves : hence plants and animals increase in bulk : 
hence, we account for the composition and de^ 
compositi6n ot bodies. A compound metal, as brass, 
could not exist, if its component parts, copper and zinc, 
were, not put in motion by means of heat, and by being 
fused they are enabled to unite in one mass. So, like- 
wise, every decomposition is effected : thus, in the dis- 
tillation of wKrie, the spirit and the water are separated 
by means of thf motion occasioned by heat. In every 
process of fermehta;ion and putrefaction, whether by 
artificial or natural means, there must be motion : some- 
times it is the cause, and sometimes the effect^ of the 
process. 
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All matter^ by a principle called inertia, is said to 
resist^a change of state : * that is^ a body at rest would 
remain so for ever ; and a body once put in motion must 
continue so. The first case is obvious, the book on the 
table would^ of itself, never change its place ; and a ball 
put in motion, either by the/orce of powder, or by being 
•struck with a bat, &c«, would continue to move through 
the air, or to roll on the earth for ever, if it did not meet 
with resistance from the atmosphere, or from friction, 
or from gravitation, of which we shall Sffbak hereafter. 

Example:. If ] roll a ball along the grass, it will, 
with a certain force, go a certain distance ; but if 1 roll 
it on a smooth pavement, with the same force, it will 
proceed much further, because the friction is less on 
stone than on grass, and less on ke than on stone^; the 
resistance of the air, and the action of gravity may be 
considered the same in ail the cases. 

Hence you will infer, that, to put a body in motion, or 
to stop one already in motion,* there must be sufficient 
causes : thus, if to give a ball of one j^ound weight a 
certain degree of motion, a given force is required; 
double that force wilt be required for another ball of 
two pounds weight. Here we suppose the velocities are 
equal. « ^ 

The velocity of motion b measured by the time em- 
ployed in moving over a certain space, or by the space 
passed over in a certain time. 

Example;. The velocity of a chaise, travelling ten 
miles in an hour, is double that of a cart that goes the 
ten miles in two hours. Or the velocity of a hunter, that 
runs ten miles in half an hour, is double that of anotbec 
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horse that would require an hour to pass over the same 
space. 

To ascertain the velocity of any body, we divide the 
space run over by the time : thus, in the instance just 
mentioned, the velocity of the hunter is 10 divided by 
30, that is at the rate of one mile iti three minutes ; but 
the velocity of the other horse will be 10 divided by 60, 
or one mile in six minutes; and in comparing the vek)^ 
cities of the two horses, we say the velocity of one is 
double that of %he other. 

To ascertain the space run over, when the velocity 
and times are given, we multiply the velocity into the 
time which will give the space. 

Example. — What space will be passed over by a 
ship in 5 hours, that sails at the rate of 9 miles an hour ? 
Answer, 6x9=:4^ miles.* 

A body in motion must, at every instant, tend to some 
particular point. If it tend always to the same point, 
« 

* If the ttpace*!, times, and velocities of a body he denoted by the 
letters S, T'V', we^get, as above, S:;=Tx V, and hence we deduce 

S S 

the valnes of T and V ; for and V =r:^. If there be two 
bodies « moving over unequal spaces in unequal times; the eircnoi- 
stances of*the one being denoted by S, T, and V, aip) those of the 

S 8 

Other by e, t, v, then we get ss;=tx v : tsc-j and vrr-j and the ve- 
locity of one ho^ will be to that of tiie other, as the quotients 

« S 8 

arising (ipotn dividing'the spaces by tne times or V : v ; : : if, 

in one case tbe space be ^000 yards run over in 5 minutes, and in 
the other tbe space be 800 yards passed in 8 minutes, then V ; v : : 
10^0 ; j . 200 j 200, that is, the velocity of the one is double that 
of the other. The other theorems may be deduced from tins. 
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the motion will be in a straight line : thus if the ball a, 
tig. 2, ^11 moving to b, always tends to the same point, 
its motion will be along the straight line A u. But, if 
u ball be projected from a cannon, A c, fig. 3, in the 
direction of a x, the motion will, at first tend towards 
S', afterwards, by the action of gravity, it will tend to- 
vvards y, w, v, &c. ; so that, in moving from a to b, 
where it is stopped by tlie ground, it passes through the 
curve A n B. 

If a body is acted upon by one force only, or by se- 
\eral in the same direction, its motion will be in the 
same direction in which the moving force acts; the mo- 
tion of a barge, w inch a man, standing still, draws to 
himself, is an instance. If two or more powers, diffe- 
rently directed, act upon it at the same time, it will move 
in a direction somewhere between them. 

This is called the composition of motion, because the 
two forces are compounded and act in one direction, of 
which the following is the most liniple case; 

If a body, a, fig. 4, be acted upon by ^ force equal 
to X, in the direction A B, and at the saihe time, it be 
acted upon by another force, z, in the direction a c, it 
will not move in the direction eitiier of a b or a a, but 
in the diagosal a d ; and if the fines A b and % c be 
made in lengths proportional to the acting forces x and 
z, and the fines C D and D b bo drawn paf^llel to them, 
so as to complete the pat^allelogram a<^b c d, then the 
fine which the body a will describe*' will be the diagonal 
A D. and the length of this line will represent the force 
with which the body will move. 

Instances in nature, in which two forces act in this. 
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way upon bodies, are the planetary bodies ; these, by 
gravitation, tend towards the sun, and, by the projectile 
force, they have a perpetual tendency to move forward 
in a straight line ; and hence these move in a curve be- 
tw'een the two forces. A ship may be acted on in the 
same way by the wind and tide, and will neither follow 
the direction of one or the other, but take a line between 
them both. A kite flying in the air is acted upon by the 
wind, which would carry it one way, and by the string 
pulling it another, and it takes a course different from 
both. 

A stone thrown upwards from a ship under sail or 
from the window of a carriage in motion is impelled 
forward with the velocity of the vessel or the carriage, 
as well as upwards in the first case, or sideways in the 
second by the hand that throws it. 

Hence we may understand how it is that our eques- 
trian performers are able to execute such surprising 
leaps over a garter ; ail they have to do being to spring 
to a suiheiept height upwards, in which they are assisted 
by the action Hif the horse; the motion forwards is given 
by the horse alone. 

In the same way may be explained the many fatal 
accidents which hapiien to persons in leaping from a 
carriage, on the horses taking fright, the velocity with 
which they rhach the ground in such case being com- 
pounded of the velocity derived from their owm exer- 
tions, the effect of gravity, and the velocity of the car-^ 
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Why Che Planets move in curve litics-^Accelerating Motions ex- 
*plained and illustrated — Attraction de6ned and Illustrated — In- 
stances of the Attraction of Cohesion — Repulsion defined, and 
familiar Examples of it given. 

• 

You ask why the planets and a cannon-ball move iiv 
curve lines, and not in a diagonal between the directions 
of the two forces. The reason is, that the action of 
gravity in one case, and that of the hand in the other, 
are not single forces by which a straight line would be 
formed, but tliey are coTistant/t/ acting upon the bodies, 
and drawing them out of the straight line ; whereas by 
the illustration of figure 4, there were supposed only 
two distinct impulses, viz: that %f x driving it one way, 
and z impelling it the other. L<ook to fig. 5 ;*if A be 
supposed the moon, which by its gravitp* would fall in 
one minute along the line a b to 1, and by means of 
the projectile force, it would, in the same time pass from 
A to Xy it will not at the end of the minute be found at 
1 , or at X, but at a ; and as gravity in the direction a b, 
is constantly acting upon A, with an accelerating force, 
and not by a single and uniform iinpuls^, it will describe 
the curve line Aa, and not a diagonal *right line; so at 
the end of the second minute it will not be found at 2 ?, 
or at but at 6. Having described the curve line 
Aab, and so of the rest. 


» 

■ Acta. VmUk 
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1 ^^ill now illustrate wliat is meant an accelcruting 
motion, which is one whose velocity is continually in- 
creasing. 

Example. A marble or bullet let drop from the 
hand fi^om any height, (as the top of St. Pauls church) 
is an instance of accelerated motion ; for it is found by 

I 

experiments accurately made, that such a body will in the 
first second of time fall through a space equal to J6 
feet; in the next second, it would fall through 48 feel; 
and in the third, through 80 feel, and so on. Thus, in 
three seconds, the body w ill, by this accelerating motion, 
pass over i 44 feet, whereas if the motion had been uni- 
form it would have gone over only three tinges l6, or 
48 feet. 

Accelerated motion has been illustrated by means of 
the figure of a triangle. Suppose a, fig. 6, to be a 
falling body, and that it descends to b in the first second 
of time ; the accelerated motions or velocities are ex* 
pressed by the small Iroes be, be, 8lc. which are con- 
tinually increasing in length; and the last or greater 
velocity, 'at the end of the second, will be expressed by 
B c, which is the longest of them all. Now the spaces 
described in the same time are proportional to the velo- 
cities and the sum of all the spaces dc^jcribed in the 
small portions of time, is equal to the space described 
the b^inning of the fall. The whole triangle 
may. be supposed to be foR/iied of these small lines, 
therefore the space described by a falling body, in the 
time represented by A b, whether that time be a second 
or a minute, or any other portion of time, with an uni- 
formly accelerated velocity, of which the greatest is re- 
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presented by b c, may be fairly represented by the area 
of the (riangle a b c. • 

Suppose gravity ceased to act, then th^space passed 
over in the next similar portion of time, would be equal 
to the velocity b o, multiplied by the time A B,’*^«that is, 
to double the triangle a b c ; or (if b f be taken equal, 
to A d) to the figure b c f g,* which is proved by geo- 
metry to be equal to twice the triangle A B c ; but gra- 
vity does not cease to act, therefore the triangle a B c, 
or its equal c g h must be added to it, gf course the 
space passed over in the second portion of time will be., 
represented by b c h o f, which is equal to three times 
ABC. By the same mode of reasoning, the space fallen 
through in the third second of time, will be accurately 
represented by the space f H m i, which is equal to five 
titues ABC; if then a b c be reckoned IG feet, as ft is 
found to be by experiments, then the space fallen through 
in the second portion of time will be equal to 16x3 = 
48, and that in the third portion^f time will be lGx5 
=: 80, as above. • 

You will now easily comprehend the faw-’by which 
uniformly accelerated motions are governed, viz : The 
velocities, in each instant, increase, as the odd numbers, 
1, 3, 5, 7, 9, 11, &c.” 

" But the whole spaces descriCed are in proportion 
to the squares of the times employed that is, in twice 
the time a body will fall tlg-ough four times the space; 
in thrice the time, thtough nine times the space ; for by 
referring to the figure, it will be seen that at the end of 
the first portion of time there was but one space passed 
• See better IL 
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over ; at the end of the second^ there were four spaces ; 
and at the end of the thiid, nine; at the end of the 
fourth there will be sixteen; but 1 , 4 , 9 , the 

squares of 2 , 3 , 4 , which represent the times^ and it 
will be found that by adding the odd spaces together, 
we get others equal to the squares of the numbers re- 
presenting the times ; thtis the first space is 1 , equal to 
the square of I ; the first and second together, are 1 -j- 3 
^4 equal the square of 2 , which represents the time 
employed ; ajid I -f equal the square of 3, and 

so on. 

Hence W'e find, the heights from which a body will 
fall ill any given time : thus the height which a body 
will fall through in six seconds, is the square of 6 multi- 
plied by iQ feet, or 36 X 16=: 576 feet. 

Hence also, we can find the depth of a well, by as- 
certaining the time which a heavy body takes in falling 
to the bottom. Suppose I drop a bullet into a deep 
well, and 1 find by a ostop-watch, that it is 5 seconds 
before it reaches the bottom, the depth is 25 x 16=400 
feet. Ttis m.ile, however, is accurate only upon ihe 
supposition that there was no resistance from the air, 
which is not the case : the air, especially in all swift 
motioQs, produces much resistance, whifh retards the 
velocity of a falling Body, and of course diminishes the 
distances passed through in a given time. 

1 will now proceed to the consideration of the sub- 
ject of ATTBAC’riON, by which I mean the tendency 
that bodies, or the parts of bodies, have to approach 
each other. 

There are ‘several kinds of attraction^ as the atlracliof. 
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of cohesion^ the attraction of gravitation^ of electricity, 
of magnetism, and chennca} attraction. It is, however, 
only with the attraction of cohesion and gsavitation, that 
we are at present concerned. 1 ought to tell you, that 
by some late experiments of Sir Humphrey Dayy, Mr. 
Oersted, and others, it should seem that the attraction 
of electricity, chemical attraction, and magnetism, all 
d&pend on the same principle, and may probably be 
traced as effects of the same cause. 

We do not know the cause of attraction, but we are 
all acquainted with its effects ; we cannot help seeing 
that all bodies whatever, have a tendency to the earth, 
and would fall to it if not supported : thus a stone 
dropped from the hand, falls tg the earth ; a bullet pro- 
jected from a sling or a cannon, will, after the projectile 
force is spent, fall to the earth; and this tendetiey is 
called the attraction of gravitation. 

By the attraction of cohesion, the parts of bodies arc 
held together. Every body niui^ be made up of parts, 
and the principle which keeps thohe parts together, is 
called the attraction of cohesion^ 

The attraction of cohesion takes place between bo* 
dies, only when they are at very small distances from 
each other. Thus place two globules ol merqury, at n 
the eighth of an inch distance from each other, and 
they will remain for ever at* the same distance ; but 
bring them somewhat neig'er, and* they will unite, and 
run into one large globule, firing two leaden bullets 
together, so as apparently to touch, yet there is no co* 
hes 2 oii,^but if they are gijraped clean , and then squeezed 



*20 


MECHANICS. 


together with a twist, pretty sharply, they will cohere 
with much force ; and if fldt pieces of Itad are 
pressed together violently, it will be difficult to separate 
them ; the same thing will take place with plates of 
glass, marble, 8cc. 

Hence it has been inferred, that bodies, in general, 
which appear to touch each other, are not in actual 
contact. 

Two pieces of cork, placed on a bason of water, 
may be put, at such a distance from each other, and 
from the sides of the vessel, as to remain where they 
are placed, but if they are brought within a certain dis- 
tance from one another, tliey will attract each other 
and come together ; if within a certain distance from 
the sides of the vessel, they will be attracted to the 
vesSbl. These undoubtedly, are modifications of the 
attraction of cohesion. So also, is capillary attraction^ 
thus called from a Latin woid signifying a Aair, be- 
cause this kind of attraction was first observed in small 
tubes, die bores of which, were scarcely larger than to 
admit a hair.%' 

Exeerimenf 1. Here is a glass tube, the bore of 
which is half an inch in diameter, and one also, perhaps, 
not the fiftieth part so large. I place tijem both up- 
right in a vessel of water coloured with Brasil wood, or 
any other substance; in "the large one the water rises 
^0 higher than ,lhe level of ^he water in the vessel ; in 
the other you will «see it rises half an inch higher or 
more. This effect is produced by what is denomi- 
nated capillary attraction ; and the water will Jie seen 
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to rise much higher, as tlje bores of the tubes art 
smaller! ^ 

Ex, 11 . Here are two panes of glass joined toge- 
ther at the sides b c, fig. 7| and kept open, by^ means 
of a small piece of wax or other substance e, at the 
opposite side a d. I will immerse them in a dish of 
coloured whaler, and the attraction of the glass, at and 
near the side b c, will cause the fluid to ascend to B , 
but about the parts d, where the glasses are farthest 
from one another, it scarcely rises above^the le¥el of 
the vrater. 

Ex. III. This thin smooth board, five or six inches 
square, 1 will balance pretty accurately, by means of a 
scale beam ; and then bring the surface of the board to 
the surface of a pan of water, so as to touch, and it 
will require a force much greater than its own weight 
to separate it from the w^ater. 

It is by this species of attraction, that salt imbibes 
water from the air : tiiat a piece of sugar thrown into 
a tea-cup, containing a small portion of ^the ^uid, in- 
stantly imbibes it ; that a heap of ashes, sponge, linen, 
&c. Iiaving only a part in water, will, in a short time, 
become wet throughout. 

Some boditiis are solid, and some fluid ; some are soft, 
and some bard ; some will easily bend, i^tid some are 
said to be elastic : it is, probably, owing to the difier- 
ent degrees of attracUon with which ^difereut substances 
are affected, that they appear in these several states* 
Some bodies will be found in almost all these shsttes, 
accordiil^ to die degree of temperature ; thus stick sul- 
phur is solid and brittle, at the usa«d temperature ; with 
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more beat it may be made soft^ and with a still ^higher 
temperature it may be melted into a fluid mass. Me- 
tals may be either in a fluid or solid state, according to 
the temperature ; some of them, (as the new metals dis- 
covered within the last few years by Sir Humphrey 
Davy and others,) are so'^soft, that they may be spread 
with a knife. Hence, beat has a considerable inflii- 
ence upon the cohesive powers of bodies, and if raised 
to a certain point, it will throw the particles of bpdies 
out of the sphere of each other's attractions. Thus the 
particles of water cohere, but by raising the heat to the 
boiling point, they go off in steam : the same is observ- 
able in all other bodies. 

Some bodies appear to possess a power, which is the 
revfrse of attraction of cohesion, and is denominated 
repulsion. Water will unite with water, or with spirit, 
by attraction, but it cannot be mixed with oil ; the par- 
ticles of the two fluids seem to repel one another. 

Experiment. If a ball of light wood be dipped 
in oil, and lb»jn thrown in water, the water will recede, 
so as to form a channel round the ball ; this is owing to 
the repelling force between the bodies. 

Water repels most bodies, till they have had time to 
get wet. A small sowing needle, carefully placed on 
water will swim. The drops of dew which appear in 
a fine summer'^ morning, op cabbage plants, assume a 
globular form, ft-om the attraction that there is between 
the panicles of water; and upon examination, it will 
be evident, that the drops do not touch the leaves, 
because they will roll off without leaving any marks of 
moisture behind them ; which could not liappen if there 
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subsisted any degree of attraction between the water 
and the leaf. 

The repelling force of the particles of a fluid is but 
small ; therefore^ if a fluid be divided^ the partsj easily 
unite ; but if glass, or china, or wood, be broken, the 
parts will not cohere without being moistened with some 
oth/er substance ; as white lead, glue, &c., because the 
repulsion is too great to admit of a re*union by them- 
selves alone. 
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LETTER IV. 

Atlractiou of Qravitation explained — How and by whom fint ai- 
eertained --inference drawn from it — Experiments — The Deluge 
accounted for — Laws of Gra?itation-^Table of Weights according 
to the Distances — Gravitation between the Eaith and other 
Bodies, niiity^l-*£xperinicnts~In what the Power of Gravity re- 
sides — It is an universal Principle. 

I HAVE already noticed the motion of bodies, and 
illustrated accelerated motion, without much reference 
to the cause which produces it, viz. the attraction of 
gravitation. 

Attraction of gravitation,” or, as it is called in short, 
gravity,” is the force with which bodies tend towards 
the centre of the earth. Or, more generally, It is 
that power by which 'distant bodies tend towards each 
other by this principle the planetary bodies tend to- 
ward the sun as a centre : and by it all bodies, in the 
vicinity of the earth, have a tendency to the earth, and 
wiH, unless supported, fall in lines nearly perpendicular 
to its ^surface. * ' 

The power of gravity;, for we seem to know nothing 
about the cause, iathe same in all bodies, whether light 
or heavy; a ^pnea and a wafer will fall from the same 
height in the same time, provided it be in a vacuum, 
that is, in a part of space from which the air is taken 
away. The^ mode of performing this I will explain to 
yoii hereafter. The fact was ascertained more than <i 
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century ago by the illustrious Sir Isaac Newton. To 
prove that gravitation is always in proportion to the 
quantity of matter attracted^ he took two pendulums^ 
(the vibrations of which arc caused by the attraction of 
gravitation), of equal lengths, with hollow balls of equal 
size, in order that the resistance of the air might be tiie 
ifame w'ith respect to both. Within the bails be placed 
substances veiy different in weight, but the times of vi- 
bration were always the same, though the weights might 
differ in the proportions of tw’o, or three, *or ten to one ; 
hence he inferred that the attraction was proportional to 
the quantities of matter, because it must require ten 
times the force to move in the same time, and with 
the same velocity, a body of ten pounds or ounces, 
than could be required for a body of one pouiid.^ or 
ounce only. From tliis fact it is inferred, that all bo- 
dies, at equal distances from the earth, will fall with 
equal velocities. And we have seen in the last letter, 
that falling bodies, as they approach the earthy do so 
with increasing velocities. This accelemted jnoiion is 
produced by the constant power of gravity, which, by 
adding a new impulse at every instant, gives an additional 
velocity every moment of time. ^ ' 

You w^il, {)erhap$, suppose there may be some ex- 
ceptions to this general rule^ you see, /or instance, 
smoke, steam, feathers, and other *ltgbt bodtes^^asemi 
or float about in the air, whereas ajmaAile or a penqy- 
piece w'ould fall instantly to the earth. It was, ifideeff, 
formerly thought that smoke, steam, 8cc« possessed |to 
weight,^ no gravitating powers; but later experimeuts 
have shown that these are equally qjbedient to the gene* 
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ral law, as bodies the mont dense : and it is owing to 
the density cf the surrounding air that they actually 
ascend. 

Experiment i. Throw a piece of deal wood, and 
a piece of copper, or stone, into a pail of water, the one 
will rise to the top, the other will sink and remain at 
the bottom : the copper descends because it is heavier 
than its bulk of wrater : the wood ascends, and floats on 
the surface, because it is lighter than an equal bulk of 
water. 

It is the same with regard to smoke and steam ; the 
air is a fluid, and if the smoke or steam be lighter, bulk 
for bulk, than the surrounding air, it will rise ; but if 
the air were lighter than the smoke it would fall down, 

Cx.ii. It is easy, os you will see hereafter, to put 
out a candle in an exhausted receiver of an air-pump, 
that is, in a receiver in which there is no air, or very 
little; and, in that casq^ the smoke tvill fall to the bottom 
in the same manner as a piece of metal. This proves 
that smc^e*he;i weight aS Well as other substances. 

You sometimes see stnoke ascend majestically in a 
tall column ; sometimes it rkes but a short distance, and 
then ^reads abroad on ail sides. In the first case, the 
air is hca^r than life smokoi as high as it ^^nds per- 
pendiculatiji^ and then 4l meets wUh ait m a density 
equal 4o itself, ^and*oai% ascend no higher. 

You will now /eadily admit that bodies of all kinds, 
if not impeded by other resisting powers, will fail to the 
eaftb> by the attraOlion of gravitation. By the same 
power; bodies on e^^ry part of ibo surface of Ihe earth, 
which you know ii*of a globular form, are kept steady 
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on its surface. Because^ wherever situated^ they tend 
to thw centre of the earth, and, since all tend to the 
centre, the inhabitants of every part of tHh globe stand 
as firm as we do in these islands, though, in point of fact, 
the feet of different people on the globe are nearly op- 
posite to one another. 

Philosophers have sometimes speculated upon the 
consequences that would result if the point to which 
bodies naturally tend, were suddenly removed from the 
centre of die earth ; and they imagine# that if it was 
shifted ever so little, it w^ould cause ad immediate over- 
fiowing of the low lands, on that side of the globe to- 
wards whidi it should approach. Hence the deluge, 
mentioned in the bible, has been accounted for : it is 
said that the alteration of this p6int, to only two or three 
miles, wonid be sufficient to lay die tops of the hipest 
bills under water. 

You will, however, remember that all places on the 
earth's surface, are not at equal distances from the 
centre. The motion of the earth on its axis^ in 24 hours, 
which we shall hereafter prove to exist, eauseS'tbh parts 
about the equator to swell out, and the parts ^bout tlie 
poles to be flattened, more than tlie other parts of the 
earth. In otf^er words, it is found that diameter of 
the earthljia^ross the equator is al^t 17 niilbs greater 
than the diameter from pole to* pole. 4 
Another principle relating to the at^ction of gravi«> 
ration, is, that tbe power is ipeatest at the surface of the 
earth, from whence it decreases both upwarch eni 
downwqjrds ^ but not in die same propSrtidiil. The force 
of gravity upwards decreases as the s^ti of 4he dis- 
ci • 
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lance from the centre. That is, gravity at the surface 
of the earth, which is about 4000 miles from the centre, 
is four times more powerful than it would be at double 
the distace, or 8000 miles, from the centre. To make 
the matter still plainer, gravity and weight may be taken, 
in particular circumstances, as synonymous terms. Bere 
is a piece of lead, we say It weighs a pound or sixteen 
ounces, but if by any means it could be carried 4000 
miles above the surface of the earth, it would weigh 
only l of a poptid, or four ounces : and if it could be 
transported to 8000 miles above the earth, which is 
three times the distance from the centre that the surface 
is, it would weigh only ]-9tb of a pound, or something 
less than two ounces. 

It is demonstrated that the force of gravity down- 
warGs decreases as the distance from the surface in- 


creases, that is, at one half the distance from the centre 
to the surface, the same weight already described would 
weigh only ^ a pounds and so on : the following table 
will imf^eas the facts stronger on your memory, which is 
formcMl upon the supposluon that the diameter of the 
earth is 8000 * miles, and its radius 4000 miles : 


A piece of metal, &c. weighing, on the surface of the 


earth, one pound, will, 

fThc centre, weigh . . . 

i ipOO miles frt>m the centre 


0 

^ pound. 


] «,000 • 
aH 3,0Cfc|. 
4,000 
B,000 
US,000 


i 


The diameter of the earth is 793) miles. 
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And at the distance of the moon from the earthy which 
is 240,000 miles, it would weigh only g^oth part of a 
pound, because the distance being 60 times farther from 
the centre of the earth than the surface is, and the force 
of gravity decreasing as the squares of the distance^ it 

will be as 1 to ^ — or WirTr. 


wuibeasltog^or 

Another fact, to which I would draw your attention, 
b', that as all bodies gravitate towards the earth, so the 
earth itself gravitates equally tovi'ards aiM bodies. It is 
true we see bodies fall to the earth, but we do not see^ 
the earth move towards those falling bodies ; the reason 
is this : the earth is immensely large, compared with 
any body which is on its surface, and therefore its mo- 
tion must be infinitely small, in comparison of tbe^ mo- 
tion of falling bodies upon it. The same is applicable 
to the gravitation of bodies among tbemselves ; all bo- 
dies have an attraction for one another, but the attrac- 
tion of die earth preponderates *8o much above all other 
attractions near its surface, as to prevent «tbe other at- 
tractions from being noticed. 1 will illustrate what I 
mean*by an experiment. 

Experiment i. On this vessel of water, 1 ^lace 
two pieces of cork, one large and another small/ 1 bring 
them within the distance of one another’s attraction, and 
you will see (he small piece move as much faster than 
the large one, as it is \eA than that. , '* 

Had they contained equal quantities of matter, they 
w ould have met in the centre point between the two. In 
ibis case the attraction of the earth has.nothit^ to do 
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with their motions, because they are supported by the 
water from falhng towards the centre of the earth^ 

Ex. II. If 1 were to let two balls fall from the top 
of a high tower, or from the dome of St. Paul’s, at a 
small distance apart, as a yard, though they have an at- 
traction for one another, it \Yill be as nothing, when com- 
pared with llie attraction by which they are drawn to the 
earth, and consequently, the tendency which they mutu- 
ally have of approaching one another, will not be per- 
ceived in the fjfil. 

Ex. in. If, however, any two bodies w'ere placed 
in free space, and out of the earth’s attraction, they 
would, in that case, assuredly approach each other, in 
the same manner as the corics on the water did, and that 
wit!^ an increased velocity as they approached each other. 
If the bodies contained equal quantities of matter, they 
would meet in the middle point between the two ; but 
if they were unequal, they would meet ns much nearer 
the larger one, as that contained a greater quantity of 
matter thq;i \he^, other. Hence, ihougli the earth ought 
to move towards falling bodies, as well as they move to 
it, yet as the earth is so many million of limes larger 
than ally thing belonging to it, the point in which a fall- 
ing body and the earth would meet, is rerihoved only to 
an tndcfmitel j smtill distance froth its surface, a distance 

much too miuQte to be conceived by the human imagi- 

. *■ ‘ 
nation. * , , 

I ought to inform you, while on the subject of gravi- 
tation, that H is not any thing at the centre of the eartli 
that causes tl>e attraction of gravitation, but tlib whole 



LAWS OF GHAVITATION. 31 

• • 

body of the earth itself ; and if the earth contained more 
or less^atter than it does, {he laws of gravitation would 
be different from what they now are. EvA high moun- 
tains w ill attract bodies to themselves. The moiiDtain 
of Schehallien, in^Scotland, was selected^ by Dr. Mas- 
kelyue for the purpose of making the e>^perimeiit. A 
telescope was brought to the south side of the moun- 
tain, and pointed to a star in the zenith^to ibe object end 
was hung a plumb-line, so as at the same time to pass 
over a fine dot near the eye end. The telescope was then 
removed to the north side of the mountain, and pointed to 
the same star, when it was found that the plumb-line, in- 
stead of passing over the dot, as in the former situation, 
was deflected towards the mouiiiain. This experiment 
was several times repeated with tlie same result, plainly 
shewing, that the inass of matter contained in the moun- 
tain attracted the weight of the plum^tine towards it, 
causing it to deviate in the first situation to the north- 
ward and in the second to tb^ southward of the true 
perpendicular. From this and other experiments of a 
similar nature, it is inferred that the whote bo^y of earth 
is the Attracting body, and the cause of weight. Gra- 
vity is an universal principle ; it is flbat, which, ii> the 
hands of the« Creator, first formgdj and stilt m&mlaiiis 
the earth in a globular shape :^il is that Which nmerves 
every thing animate and inanimate on i&sil|||h:a; by 
this we stand fast on SU sides of ih^ globe, tbf tlie 
thickest mam of earth is directly unlbr oiir fee% wliat* 
ever be our position, whethm’ m Great Brilaiii, or on 
the continents of Europe, Asia, Afirka,^ or Ammica, 
and vhe thickest mass has the most powerful attraction. 



LETTER V. 


First Law of Motion cxem{3li^ed — Second Law of Motion ex- 
plained— Third Law of Motion illustrated'-- Collision of elastic 
and non-elastic Bodies— Facts and Experiments relating to the 
collision of Bodies — Ciirions Circumstance connected with the 
inertia of Matter — Principle of the Vibrations of Pendulums. 

My YOUNG FRIEND, 

In rcasoinng on natural philosophy, there are three 
Ians of motion, vrhich I will state and illustrate, and 
v\ liich you should not only comprehend, but commit to 
memory. The first is, ^ 

Tliat every body will continue in its slate of rest, 
or uniform motiaii, in a right line, until it is compelled 
b> some external forcef to change its state.” 

A bullet, discharged from a gun, would continue its 
motion fdr ev£r, if there were no external obstacles 
atisiiig from the resistance of the air, and the action of 
gravilation ; the former is every instant diminishing its 
inotion^ and the ktto is continually bringing it to the 
earth, so that, from wlmt we have seen, though it may be 
proje€tm|iltorWtital|y, yet itdoes not conUnue in a state 
of motion, in alright line, for a single instant, but de- 
scribes a curve till it' reach the earth, and, by comparing 
what we have discussed before, respecting thecombina* 
of forces (page 13 and 14) >ou will see that it will 
the ground precisely at the same moment, as if it 
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had fallen from the hand in a perpendicular direction. A 
top, oftce put in motion, would revolve for ever, if it 
were not impeded by the air and the friction produced 
by die peg on the plane on which it moves. It is by 
this law that the heavenly bodies preserve dieir progres- 
sive motions undiminisbed, ^because they travel in re- 
gions in which there is no resistance from a fluid al^ 
mospfaere, and because their centrifugal and centripetal 
motions, that is, their motions occasioned by a projec- 
tile force, and by an attraction to a centre, are adjusted 
and nicely balanced. 

Secondly. The change of motion is always pro- 
portional to the moving force by whicii it is produced, 
and it is made in the line of direction in which diat force 
is impressed.’* 

A cannon bali^'ill be projected to a certain distance 
with a certain charge of powder, but if more or less 
powder is used, the ball will proceed farther in the for- 
mer case, and not so far in thS latter. If 1 strike a 
cricket- ball so as to make it go fifty yards, and then 
strike it with double or triple that ford, it will, other 
circumstances remainiiig the same, go nearly double or 
triple the distance. I say nearly, because tlie resistance 
of the air has a much greater e^ect on swift than on 
slow motions. Again, the motion is made in the line of 
directbn in which Ibe force is imoressedl a vessel at 
sea, where there are no^des to prevent, will obey tlie 
force of the wind, and will go directly before it. Bui 
if Ibe vessel at a, fig. 8, be going down a current, A li, 
due souiLhi at the rate of six miles anhour,^aiid the wind 
in the direction a jo, due East, drive it at the rate of 
c 5 
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eight miles ati hour^ it will proceed neither north nor 
easty but between them bolb, along the line a t ; and 
it will, at tlie *end of the hour, if the current and the 
wind continue the aame, be found at the point c, and as 
the line a c is longer than the line a b or A i), it will 
have sailed further, by the^oint action of the two forces, 
than it could by either of diem separately, because the 
line A c is 10 miles, ^ whereas the line a o is only 
eight miles. 

Thirdly. Action and redaction are always equal 
and contrary.’’ That is, the action of two bodies on 
each other is always equal, but in contrary directions. 
If I press with my hand on one scale of a balance, to 
keep it in equilibrio with a seven pound weight in the 
opposite scale; the band is pressed by the scale up- 
wards as much as the hand presses the scale downwards ; 
that is, in both cases the pressure is equal to seven 
pounds. If, standing in one boat, 1 draw, by means of 
a cord, another of equal weij^t to me, they will both 
move and pieet in a point half way between the two. 
Here action afid re-action are equal and in contrary di- 
rections. If. 1 strike the table with my band, the action 
of jtbe table against the band is as great as that of ti)e 
band against the table. A horse, drawiqg a load, is as 
much drawn back by the load, as be advances with it, 
that is, his ^B'^gress is so much impeded, for with the 

same quantity of exertion, bo would be able to proceed 

* ‘ 

^ Tbe length a c, » fctwd by sqaariag tlie lengthi of a n and 
A a, and taking the square root of the sum : tlius— 

V^8q^’=v/6V+36=v/lW=10- 
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much farther, without the load than he can wid> it ; and, 
if the kxid be increased tin it is precisely equal to the. 
strength of the horse, it will remain at felt, thou(^ tlie 
whole force of the animal be in action. 

From this law of motion, we learn in what manner a 
bird, by tbe stroke of its wii^s, is able to support the 
weight of its body. If the force, with wl^h it atiikes 
the air below’, is equal to the weight of its body, thm> 
the bird will, as it were, rest between tbe two -forees. 
If the force of the stroke h greater than itswdight, 
the bird will ri$e with the difierence of these two fiirw 
ces : and, if tbe stroke be lese than its we^ht, ?dien it 
will ank with the diffsrents. 

Hence 1 may lead you *10 the consideration of, the 
collision of bodies elastic «id aon-dastic, which de- 
pends chiedy on die third law of tnotioo. .An i^astic 
body . is that which ciwnges its figure, and yields to qhy 
impulM. or pressure, but endearours, by its own nature 
and fiwce, to return to the sauK again. If l.bend a 
piece of cane, by brkigii^ the ends near t(^;^kM,iit will, 
the moment I;iet tbe.ends {^,<eadea!rnor, bjr itsown 
force, to attain ito original . strmgbtiMss : ;t^ .Bsane may 
be said of a slip of ated, and of many hinds of wqod, 
to a certmn d^ee. In all sim^ eaaito, tbe body, beqt 
out of its natural pontioo, makes, an effort to set itself 
at liberty; this is owing to t&e prmdftetof , elasticity, 
and tbe force of the efbnt is measured* by the power 
necessary to keep it in its bended side.* You have s^n 
a bladder Uown up with air ; by pressure, wilh-die fin- 
ger, ymi^wiil make a dwt on it, but remove the finger; 
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aiid it instantly recovers its former state. All bodies, 
with which we are acquainted, partake of the pfoperly 
of elasticity, some in a greater and others in a leas de- 
gree ; none, perhaps, are so perfectly elastic, as to re- 
store themselves with a force equal to that with which 
they are compressed. The following facts are well de- 
serving a place in your memory, and the illustrations 
may tend to fix them there ; r 

1 . A perfectly elastic body, if there be such a thing, 
endeavours tmrestore itself with the some force with 
which it is pressed or bent 

2. An elastic body exerts its force equally towards all 
sides, (hough the effect is chiefly found on that side on 
w bidh the renstance is weaken ; this is evident in the 
firitig a gun, when the elastic fluid, generated by the 
|)Ovrder, exerts itself on all sides of the barrel, but its 
effect is visible only at the mouth of the gun, because 
the residence of the air in that direction, is notinag com- 
pared with the resistanbe of the sides of the barrel. 

S. Elastic bo^es, however struck or impelled, re- 
bound in the lame manner: thus, a bell, which is very 
elastic, yields the same muncal sound, in whatever man- 
nerror mi whatever part it it struck ; and a ball, marble, 
&c., rbbounds from a plane in the same kind of angle in 
which it is struck, making what is called the angle of 
incidence, e^Ual to, the angle of reflection. 

4. The elastic properties of some bodies seem to 
differ according to their greater or less degree of denaty : 
thus, metals are rendered more dense and more elastic 
by being hammered^ cold condenses solid bothies, and 
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makes ttiem more elastic; but air^ steam^ and otber 
clastioailusds, arc expanded by beat^ and rendered more 
elastic. • 

With regard to the collision of bodies, 1 must observe, 
that according to the third law of motion, if two bodies 
strike each other, their motions are equally affected, and 
^their collision produces equal changes, but in contrary 
directions. 

ExPEtiiMSNT 1 . Let two balls o and B,(% 9)# be 
suspended from a common centre A, agd let p be, co- 
loored over viith some fluid, and, while it is wet, let tlie 
two be brought into contact ; a small mark will he made 
on the dry ball ; but if the coloured one be raised to a 
certain height, and then suffered to fidi against the odier, 
the impression marked on the dry hall, will be much 
larger than when it was brought into mer^e contact duly, 
which proves that the balls were indented by the strokcf, 
and their appearance after the stroke shews that by their 
naiurai elasticity, they have lecouered tbeir or^nal form. 

Ex* 11. Let two equal ivory balla, B and c, be sus- 
pended at A, and, when c is at rest, let b fAll upon it, 
and it will by the collision lose the whole of the motion 
which it has acquired in its descent through the air b C, 
and the bailee will be driven up to p, in the same man- 
ner as It w'ouid have been carried to that point by its 
acquired velocity, if it badndl been obsiracted by c. 

Hence the striking bo^y will commiyiicate the whole 
of its motion to tlie other, and aftetwA'ds remain at rest. 

£x« III. Let three bads, a, c, fig. 10. be bung 
from jkdjoining centres, and c be drawn a little out of 
the perpendicular, and suffered to fall tt{ft>n then will 
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c and b become stationary, mid a will be driven to the 
position 0 , die distance through which c fell upon. 6. 

Ex. IV. 'Let any number of balls hang on adjoining 
centres, so as, in the qniescmit state, to touch each other, 
if the outside one be .drawn aside, and let fall upon the 
odiers, the outside ball, on the o|^osite side, will be 
driven off, whHe the rest remain stationary. 

Ex. V. If two of the balls were suffered to fail at 
the same time, but at a small distance from each other, 
the middle bal|;s would reminu at rest, and the motion 
would pass through their cenb'es to die two remote 
balls. AH tliese experiments will prove that action and 
redaction are equal and in contrary directions. 

Anodier ctrcumstance, mendoned by authors, in con* 
tnectiOR Sritfa this snbject, is deserving of your attention, 
amf'wbich depends upon the third law of motion, and 
oil the inertia of matter. If a blacksmtdi atiifce his an- 
vil with a hammer, action and re-acdoa are equal, the 
ahvil strikes the Immmet as forcibly as Ihe hammer strikes 
the anvil. If the anvil be large emm^ a man m^ht 
place it on his bteast, and mffer aiwtber person to strike 
it with aU hk fuve, vtiUiodt sustaimng aigr hgory, be- 
eausf die vis inerhk of the anvil resists the force of the 
blow. < But if tbe oavit; were small, as only q few pounds 
in weight, the blowiwouM be fstal. 

I aball finish this^lettdr widi a dwrt account of the 
prmcijpte of peiijrfoh^^ 

A pendaton is "a heavy body siU|>aHied by a string or 
small wire, whidi moves about a pednt as its centre. 

When this wdi|^ k is modon, it wHl i^scend 
dirough one Imlf of an are by its own gratdty, and as- 
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cend the other liidf by means of the velocity which it 
lias ac^ired in its descent. * 

Suppose a body p, (6g. 1 1), to be 8utl|>eBded by a 
line, from a centre c» if it be raised to d, and then, let 
fall, it will descend through the arc d p by ill gnurity, 
and in falling it acquires such a vdocity as it wodd bb- 
taiu in falling from B to p. *At p, if it were at liberty, 
it would, by the first law of motion, 6y off in the tight 
line p p, but, beii^ retained by. the Stri^, it ascesds 
through the arc p b to b, here its motiqn is spent, and 
it returns to o, and would thus cont'unie to.inove for 
ever, if it were not retarded by the friction .tduch,ibe 
cord has on the hook c, and . by the re^tance of the 
air ; these impede its mouem, and each vibration .is less 
than the former, till at length the pendulum comes to , 
rest in tljie position c p. * 

The vibrations of die same pendulum, whether small 
or great, are performed in equal tames nearly, that is, 
whether the weigttf p be raised to x or to o, the vibra- 
tions will be performed in equal times. 

The point c, <m wUcb the pendulum awmgs, is tilled 
the point of suapeq^n, Ute. loiter the pendulum, the 
slower are its vibrations, and tbe contrary, A pendulum 
that vibrates^ seconds in dais country, is 39.2 jocbes, 
nearly, that is, tbe length from Ad point of suspension c, 
to Ae centre of vibnation, or *Ae centre of Ae body f, 
is 39.2 inches. But a pfldulmn db inffaes long would 
vibrate slower, and one >30 inches Idk^ would vibrate 
faster. 

Tbe^ vibrations of pendulums are govenied by the 
law of gravity, to which I have already ‘referred : and 
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*^Thc time of tl»e vibration of pendulums, is as the 
square roots of their lengths,”* Thus, as a pendulum 
S9.2 inches,* vibrates seconds, to make one that shall 
vibrate once in two seconds, it must be 4 times as long, 
or ] 56.8, and to make one vibrate once in three seconds 
only, it must be nine times 39.2 inches, or 352.8 inches. 

Again, to make a pendulum vibrate half seconds, as 
is the case in most table clocks, it must be only | 
the length of the pendulum that vibrates seconds, or 
^=9.8. . 

If, instead of a line and weight at the end, a pendu- 
lum be made of metal, or other substance, of one uni- 
form thickness, it must be one third longer than the 
common pendulum, and the centre of vibration in the 
weight will be the centre of percussion in the rod. By 
the' centre of percussion, 1 mean that part of the rod 
which produces the greatest impression in striking a 
blow. 

You will not forget that pendulums of the same 
length, vibrate slower the nearer they are to the equator, 
because ^avitj^, the cause on which the vibrations de- 
pend, is less at the equator than it is nearer to the poles. 
Therefore, a clock that keeps accurate time in London, 
with a*pendu1um 39.2 inches long, would* go too slow 

* Suppose and % fepresent the tlnief, and L 1 reprmnt lbs 
lengths of the penidulums, ttien vie any, 

1 . • 

Or 

T-J : ; ; L ; Ir and if T=ai and ; and L5=39.S, then 

J IrsiX 89.2=9,8. But if 
j and 1=2, and Iiz:89.2, then 
!=39 2X4=156.8. 



VIBRATIONS OF PENDULUMS* 


41 


at the equator^ and too fast towards the poles ; for the 
iiiotion^of the pendulum depends on the action of gra* 
vity, in the same manner as that of any other falling 
body, and it is ascertained that a body will fall 313 
inches at Spitzbergeu^ in the same time that it falls 312 
at Quito, which is situated near the equator. 
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On the Centre of Grarity — Ext^eriments— Reason niliy high Build- 
ings, leaning nht of the perpendicular, stand firm — How Rope- 
dancers bahmce theroselves^How to find the Centres of Gra' 
vity mechanicalty— 'This Knowledge very useful in many Situa- 
tions in Iife-7-Operations of the loaded Cylinder, double Cone, 

1 oiling Lamp , and Mariner’s Compass, explained* 

Evrry body has a centre of gravity,” or a point in 
which its weight is supposed to be collected, or in which 
it may be suspended in any direction. Try to balance 
thp parlour poker on your finger, and when you have 
brought it into a state of equilibrium, the part which 
rests on the finger is its centre of gravity. If tliis point 
be supported the whole body will be at rest. 

A line drawn from the centre of gravity, perpendicu- 
lar to th^ horizon, is called the line of direction ; and 
if the centre of gravity be not supported, the body will, 

^ unless prevented by some obstacles, fall to the earth in 
thi§ line. 

When the line of direction falls within flie base of any 
body, that ^body will stand ; but when it falls without 
the base, tbe body will fall. 1 will now illustrate this 
subject with experiments. 

Experiment j. I place a piece of wood, a, (fig, 
IS.) on the edge of the table, and from the pin < 7 , at its 
centre of gravity, 1 hang a little weight, 6, and it will be 
seen that tbe line o( direction a b falls within the base, 
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and, therefore, though the \|ood leans, yet it stands se- 
cure. / will now put another piece of wood, .B, of a 
similar shape, upon it. This raises the centre of grar 
vity lo r ; from which point if a weight be hung, k wiU 
he seen that the line of direction c Xj will fall out of the 
base, and the body must fall. ^ 

% Hence you may see the reason why towers, steeples, 
walls, 8cc. may stand a good deal out of the. perpendi- 
cular, and yet be veiy Arm ; because, though leaning, as 
that of the tower of Pisa, 13 or 16 feet oat of tl»e per- 
pendicular, still a line drawn from c, the centre of gra- 
vity, (fig. IS), falls within tlie base a b, and therefore, 
so long as the cement endures firm,' the building will 
not fall. 

flence you learn why a conical body, as a augarlo^/, 
^^tands so firm on its base ; for the top being small, com- 
parecLwiih the base, the centra of gravity is thrown very 
low ; and in an upright or perpendicular cone, the line 
of direction falls in the middle of the base, which is an- 
other fundamental property of steadiness in bodies. For 
the broader the base, and the nearer the tine of Erec- 
tion is to the middle of it, the more firmly does a body 
stand. Whereas, tall bodies, with pointed or narrow 
bases, can with difficulty, be made /o keep their Height 
position, as you may experience^ by endeavouring to ba- 
lance on your 'finger a walking-stick •• On a similar ac- 
count, you must understand the difficujty which rope 
and wire dancers have in balancing themselves on $o 
very small bases, and the motive which induces them to 
make us0 of long poles, the ends of which are loaded 
with lead. The man holds the pole across tlie rope on 
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M'hich he moves, and keep«^^ his eye steadily fixed upon 
some object parallel to the rope, by which he can easily 
judg^ when his centre of gravity tends to either side of 
the rope, and by pushing the pi)le a little to the other 
side be can keep ht$ centre of gravity over the base. 

I wall now proceed to^shew you bow to find the cen- 
tres of gravity pf differ^ {H>t}ies 

ExFBniMENT I. If :two shape, 

as balls, and of ei|tial we^ils, extre- 
mities of a (od^of'Umform of gra- 
vity will be in the middle of the bodies i) 

and E, (fig. 14), be of the centre of 

gravity, f, will be as much nearer to the larger than 
to the smaller body, as that body is heavier than the 
olher ; thus if b weigh four pounds or ounces, and n 
only one, then the length E F will be one, and f d will 
be 4 : or it may be represented thus, e : n : : x> f : e f, 
or E : D : : 4 : 1, that is, the lengths of the arms, from 
the point of suspension, wiU be inversely proportional to 
tire weights. 

In the niotioo of a chaimshot, if one ball be heavier 
titan the other, the two bails will perform a circuit round 
each other as they fiy, and their centre of gravity will 
describe a regular curve. So ibe earfh* and moon, in 
their journey about the^suii, move round one another, 
aatd neither of th^ describe a regular curve rotiud that 
luminary, but the centre of gravity of the tw'o performs 
the ellipse. 

Ex. II. Tlte centre of gravity in any plane, may 
be found in this way. Xjet o B d t, (fig. 15, Plate ii.), 
be the plane figure, which is suspended freely on the 
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hook A, and apply a plumb ijn^ to the book A, which 
will passtover ibe centre of gravity, somewhere in A 
which falls beneath the centre of stispemiotif this line is 
to be marked, and the body is then to be wpenctiMl by 
some other point at c, and where the tinee c p and a b 
cross each other in e, is the centre of gravity. 

^When the centre of gravity ^incides^^wtib the Ceiifrc 
of motion, as in some scale beamSi fhtba the bo^ WnPIl 
rest in any position^ witboni lending to ifell lower, oV to 
return to its origitiai lAtiiatioi]. ^ ^ 

When thecenbi c, 16^ t$ situated ver« 

tically over a fixed poipl^ H cannot move without de* 
scending ; and when it is under a fixed point, fig« If, it 
cannot move without ascending. Which (acts, when 
compared with the figures referred to, will show you 
the reason of placing the moveable handles of a vessll, 
as a pail, bucket, 8&c. at its upper pait, in order that 
the centre of suspension may be always above the centre 
of gravity. If they were fixed much lower, tbe vessel 
would be perpetually liable to overset ^ 

I have already shewn you that the broadfr thcvbase of 
a body, the lower will be the centre of gravity, and the 
firmer will that body stand, which points out the ne- 
cessity that theje is for great attention in loading«car(8 
and waggons with comparatively li^t goods. A wag- 
gon, employed in carrying lead dr iron, caniWit be easily 
overset, but one loaded ver)ih%h withha}^ or straw, or 
hops, must be done by an able ItaiAl, to niove safely 
over rough roads. A waggon or carriage, of any kind, 
will alw^s recover its position, provided the centre of 
gravity, c, remain within a vertical line, passing throogli 
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the point of contact of the: lower wheel and the ground : 
this is the case with b ^ 18^ and therefore there is 

no danger of SB overthrow ; but in a the centre of gra- 
vity is witheut the Ihxei and it must, in such a position^ 
go over. 

If the velocity of tb6 carriage is great, the danger is 
pfoportionably greats because the wheel which is ele- 
vated bight be lifted tbe groinid by tKe momentum, 
and the ccBlre^of grarfty must thus be carried beyond 
the vertical Miie, by means of' aB obstacle which would 
not overset the D^^a^oti if it had be^ moving at a mode- 
rate rate. 

If a person be in a carriage, that part on which he 
sits may he considered as the place of his weight, pro- 
vided he remain in an erect position ; but as be will not 
be able, when in very swift motion, to maintain a per- 
fectly erect posture, the centre of gravity of the carriage, 
with its passengers^ is to bt& regarded as something 
higtier than the seat. 

From what has beeb said, you will understand the 
reason of a Very cromnion enperifberit, viz. the suspen- 
sion of a pail of wat^r, or any other weight, m. fig. 20, 
OP a stick, s, resting bn the end of a table, t : another 
sticky being employed, as in the figitre^ to keep the 
pail ' at such a distance from the end of the first, that 
the centre 6f gravity of the weight M, may be under the 
table, ^^lough the weight is sus|^nded by the handle, 
yet if the handle began to descend, the centre of gravity 
must risb, which it canndt : therefore the whole will re- 
tain its position and remain at rest. 

^ Tlie ascent of a loaded cylinder bn an inclined plane, 
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tig. ihe motion of I doable coue^ .%* 22, up 

an inclined plane, formed of arireSi or apart firofu 
one another, may be explained on the same prpeipie, 
viz. the endeavour which the centre of gravity makes to 
descend. In fig. 2\, though the cylinder will move up 
the plane v N, yet the centre. of gravity descends* This 

also the case with tlie double cone, the cenAre of 
which descends as the opening of the legs of the plane 
increases. 

Before I quit the subject, it may be observed that the 
equilibrium of antmals may be explained upon tlie priti** 
ciple of the centre of gravity. When a person stands 
on one foot, and leans somewhat forufard, or in the at- 
titude which i$ usually exhibited in the statues of Mer- 
cury, the other foot is elevated behind, , in order to br^ 
the centre of gravity of the, body, so a^, to be vertkaliy 
over some part of the foot on which he stands* When 
we rise from our seat, we generally bepd forwards and 
draw our feet inwards, in order to bring the, point of 
support into, or near, the vertical line, pessmg^through 
the centre of gravity. For the same reason a man, car- 
rying a burden on his back, leans forward, and backw ard 
if the weight is to be carried on his breast. If the^load 
be placed on one shoulder, he leans to the other. When 
we slip or stumble with one foot, we naturally extend 
the opposite arm, making tb^esame u* ofjt as the rope- 
dancer does of his pole. ' ^ 

The rolling candlestick, fig. 23, keeps the candle al- 
ways upright, though put down in any position, or even 
rolled on'the floor, for a weight, A, beneath the candle, 
and Jlower than tl)e two centres of suspension, cc dd, 
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will keep the candle perpendicular, the lendencv of the 
centre of gfavitj^ being always to fall beneath the centre 
of suspension. The circle dcd hangs on two points, 
dd\ and the inner circle, on which is fixed the light and 
weight, hangs on that circle by the pivots cc, at light 
aisles to the pivots d anil d. In fixing the mariner’s 
compass, to prevent any deviation by the motion of the 
ship, these circles are called gimbals, and the compass 
being hung on the inner circle, is always kept horizontal, 
let the vessel roll as it -wilt, and, of course, the magnetic 
needle, can traverse as freely as if its point of suspen- 
sion were fixed on the shore. 

The knowledge of the centre of gravity will enable 
you to explain the principle and structure of many toys 
put into the hands of children, as the tumbler, the rope* 
dancer, balancer, ^c. In all cases, remembr, the cen- 
tre of gravity tends to the centre of the earth, and will 
never be at rest, if left freely to itself, till it gets to the 
nearest point possible to it. 
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Of the mechanical Powers— Mon\ftntum defined and explained — 
^ Experiments — Mechanical Powers enumerated — The Prineiple of 
the Lever explained-^Constructioii of tlie Steelyard — Uses of a 
Lover of the first kind — What domestic Instrnments to be refer- 
red to a Lever of the second kind— What things are explained 
‘by a licver of the third kind— The Hammer L^er. 

1 SHALL now proceed to es^pkm and illustrate the 
nature and use of the mechanical powers, one of the 
great objects of which is thb removal of great weights, 
that is, in other words, overcoming the force of gravijj'. 
In tliis letter I shall have occasion to use the word mo* 
MENTUM, or moving force of a body, which is mea- 
sured by tlie weight of the body multiplied into its ve- 
locity. You may place, without ‘any risk, a weight of 
six or seven pounds, for instance, on a china {date ; but 
if you let the same weight, or one much less, fall from 
your hand, though only an inch or two, it will dash it 
U) pieces. The china, in the one case, has only the 
weight to sustain, in the other it h§s the moving iorce, 
or nionientum, to resist, that is, the velocity multiplied 
into the weight is to be considered as Uie force. 

Experiment i. If a^roller or bali^^fis 24 . 

plate ii.) lean against the small block ot wood b, they will 
both riimain at rest, but if a be carried up the inclined 
plane a and suffered to roll dow'n against tiie block, it 
will be overset. Here again you perceive the difference be- 
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tween weight and moraentHja, and you must not forget 
that the motfientum is estimated by the quaiitity^of mat- 
ter multiplied into its quantity of motion ; of course^ by 
increasing the veiocify yon increase tb# momentum of a 
moving body. Hence, 

£x, ii. Cannon balls^will do much more mischief 
than the battering rams of ancient times ; suppose ihr 
weight of a ram to be £0^000 pounds, and to move at 
tbe rate of 1 foot in a second ; and the weight of a can* 
non ball to be £4 pounds, and to move at ibe rale of 
1000 feet in a second, then the momentum, or qioving 
force of the ram, will be 20,000 x | =20,000, and diat 
of the cannon ball will be 24X1,000=24,000; of 
course tbe effect of the latter will be greater than 
tliet of the former. Thus y6u see a small body may 
have a greater momentum ihati a large one, provided 
tbe veloci^ of tlie small one be made to compensate for 
tbe greater quantity of matter in the other. 

There are reckoned seven meefaanical powers, viz. the 
Lever, \ Whe^l and Axh; fVheel and Pinion; Pul- 
ley / Inclined Plane ; Wedge j and Screw. By these 
simple instruments man is enabled to raise great weigiits, 
and to overcome such rewstances as would baffle his na> 
tural strengtii ; 'aRd from the combinatioit of some or all 
of them, cpmpound machines of every kind are formed. 
Indeed tbe most Complex machinery may, in some way 
or other, beresolaed into tbe simple mechanical powers. 

The lever is the most simple of all tbe mechanic 
powers ; it may be made of any shape, and of any strong 
substance, as wood or irmi. There are three v&i ieties of 
the lever: the first is represented by figure 23, plate n. 
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wbicii showit ti8 operation in moving a hea^y weight a, 
nie support j B, is called the fukrttm, or centre oIibo^ 
lion, because the bar c is supporfeil by il and Idrits 
upon it. Power is gained by a lever of ibis kiiidj ui pro- 
portion as tile arm c b is longer tlian the arm BE* If the 
two arms were equals no s^vantage would be gained^ 
^but if c B be 4 times^ 10 times, &c* longer than b c, 
then a person at c would be able to move 4 times, or 
lO times more than he could with His natural strengdb* 
It is then, as you observe ip the figure, the principle of 
this species of lever, to have the weight at one end, the 
power at the other, and the fulcrum between the Iw’O. ^ 
Experiment i* Th^ beam of a pair of common 
scales is a lever of the first kind, with equal amis ; in 
this case no advantage is gained or required. If 4wo 
bodies, p and o, fig. £6, of equal weight, be suspended 
at equal distances from the fulcrum, the centre of gra* 
vity E, will rest beneath the point of suspension s, 
because the weights and distances being equal, tlie mov- 
ing forces must be equal, and neither qpdisap prepon- 
derate ; but if the scale f be moved to k, the centre of 
gravity E, moves towards o, and fails b^oiid the point 
of suspension, and becomes unsuppofted ; of foiirse 
the end of thb be^m c, desceinis, •beoahse die centre of 
gravity is always impelled towards the lirt^ of suspen* 
sion. This shews that a smaller weight lhan o would 
balance p, when bron^t into the pesiJon k ; and on 
this principle the steel-yard acts, for if the bngm artn 
were equal to six or eight times the length of tbesborter, 
then a body, suspended from c, would baiaiioe abc or 
eight times its weight suspended frum E. 

n £ 
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fa ail cases of the lever^ to obtain an equilibritini be^ 
twee^ ^he ft^gbt and.^lie pawer^ the mometitum of tl)e 
intll^ibe equal iba momentum of the power. 

The tttlbcity of a body k measured by the space 
passed over in a given time. In fig. 07 , the arm b c is 
four times the length of a « ; therefore^ in moving from 
the position a b to that of a b, the point b will move 
over the apace b b, and the point a will move over the 
space AHf but b& k foiir times greater than a a; 
diereforei the velocities being as the spaces passed over 
in tlie same time, the velocity of b will be four times 
greater than that of a : of course if w weighs 12 pounds, 
a power, p, of a pound, will balance it, because the mo- 
menttiin w=:::12:f< l, and that of the power p =3 x 4. 
Hare, you must observe, that what is gained in power is 
lost ia spm:e, that is, if I would gain a power of 0, 
or, by means of a lever, move a weight six times heavier 
than 1 can by my natural strength, then, to raise the 
wei|^ one inch or one foot, my hand must pass over 
six inch^ ov six foct. This is what writers on the sub- 
ject m^n when they say ** that what we gain in power 
we lose in time,’’ boeanse suppositig, in both cases, the 
velbcity to be the same, then as much more time is oc- 
cupied in perfonnii^ a mechanical operation as there is 
power gained. If, for instance, loan raise four score 
pounds to a certain height in one minute, and I want to 
raise four hunted pounds to the same height by means 
of machinery, as the lever, I shall require five minutes 
to accomplish it in, so that 1 miglit, in truth, if the 400 
pounds could have been divided into five parts, have done 
the same in an equal portion of time, by five successive 
manual exertions. Butlo retirni to the steel-yard. 
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AC;^(fig. 28, plate iii.) ilie short stm and scale, 
(sometimes a hook is used instead of a scale) is made to 
balance tlie longer one B c, which is divided info parts 
cl; 1, 2 ; 2, 3, &c., each equal to A c; and by this 
contrivance, a single pound, f, will weigh any number 
of pounds of meat, 8cc., in the scale s, as the long arm 
^extends to; thus, if the balance be in equilibro in the 
position of die figure, the substance in the scale will 
weigh three pounds ; if, when the wei^ 1$ pndted on 
to 4, 5, d, &c., there is an equilibiiuni, then the sub^« 
stance will be found to weigh 4, 5, 6 pounds, 8ic. 
will be evident, on a little reflection, that the points m 
the long arm of die lever, « marked 2, 3, 4, 5, &c., wiH 
move over twice, thrice, four times, &c. as mu<£h space 
as the |>oiiit A in the short arm. * 

By dividing the spaces in the loi^ arm into balves, 
quarters, and sixteenths, which is easily done, the steel- 
yard will serve for weighing any commodities with ac^ 
curacy, to half-pounds, quarters, and ounces. 

You will observe that, in all cases <if the fever^ the 
parts will remain in equilibria, when the w^eight, or re- 
sistance, at one end, multiplied into the length of the 
arm to which it is attached, is equal to the power* muL* 
tiplied into the other. 

A poker, in the act of stirring dte^fire, if a lever of 
this kind, the bar on which it rests is the fulcrum, and 
the coal to be raised, forms the resfttaoce, or weight, 
and the hand the power. Put the poker into the fire, 
a small part only goes into the grate, and there it will, 
perhaps, rest, or remain in equilibrio, because the 
weiglit of the coal, against the short end, balances the 
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Height of that part of the poker which \n on the other 
side of the brr ; and a small force, at the bright end of 
tlie poker, will easily raise the tire. 

To this kmd of lever are to be referred a pair of 
sctssars, which is made up of two levers acting against 
one another, and the pin, which keeps the parts together, 
is the fulcrum or centre of motion, round which they 
move in the act of opening and shutting ; the .same may 
be said of snuffers, pincers, &c. 

Asa mechanical power, the lever of the first kind is 
chiefly u?fcd for loosening large stones ; or for raising 
greitt weights to small heights in order to get ropes 
under them.,^., 

The lever of the second kind, tig, ^9, is when the 
w'eight w', is between the fulcrum and ll»e power. The 
comtiton application of this lever, is when a large block 
of stott6 is to be forced forwards with an iron crow, 
the point of the instrmnmit is stuck in the ground, which 
becomes the fulcrum ; the other end, tlmt is acted upon, 
is the power, Lhat is, the strength of men ; and the stone 
to be moved is the resktaute or weight. 

By referring to the flgure, you will at once see that 
power or advantage is gained in proportion as the dis- 
tance of the power P, is greater ilian the distance of 
the weight w, from the fulcrum. In the present in- 
stance, the advantage gained is as five to one, because 
the points b, passes over five times as much space as the 
point a, that is, the band will move with (he velocity d, 
but the weight w ith the velocity 1. 

Look round your room and consider what those things 
are that may be referred to levers of the second kind. 
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Every door acts as a lever, the hinges are the centres of 
motion, or fulcrum, the whole door is th||p weighty and 
the hand applied to the lock, or latch, is the power* 
Fix a temporary handle, as a grmbiet, within two or 
three inches of that side near the hinges, and yon will 
feel bow much less easy y^u can move the door ih^ 
wfaetiP fon attempt (he same by the proper handle. If 
you wish to turn round the couch, you lay hoM of one 
end, while the other remains nearly in its origuial po- 
sition, the latter is the fulcrnnif the coiicli is the weight, 
and the power is applied to the other end. Many per* 
sons who w'ork in wood, as coopers and patJton-makWlC 
use cutting knives, fixed one end, whi^h end is the 
fulcrum, or centre of motion, the wood to be tnl tlie 
resistance, and the baikl the power* Common 
cutters act on this principle; so ido mit*crackerS| and 
the rudders of ships. In a rudder tlie water is tlie fuh 
cruni, the vessel the weight, or resistance, ai»d Ihe band 
the power. Masts of ships are levers of this kind, the 
bottom of the vessel in which tliey are jSxftdis the fill- 
cf urn, the ship the weight, and the wind, actiiig against 
the sail, is the moving power. 

Two men carrying a barrel, or other weight, may, by 
this principle, place the barret at such a point on the 
pole, as to adapt it to the strength of eaiib man, sup^ 
posing one to be much pr^ker than tte olheif. Here 
the etrongest man ttuist be cosisidered Ae fulchttn* 

A lever of the third kind has the fuicrufn €, % • SO, 
at one end, the weight w, at the other, and the power 
p, somewhere between the prop and the ibeight. You 
wiU easily perceive that the weighty being farther from 



ihe centre of motion than the power, must pass throngli 
more space 4.han that ; of course the power must be 
greater than the weight, and as much greater as the dis- 
tance of the weight from the prop exceeds the distance 
of the power from it : in the present case, a weight, w, 
of 3 pounds; hanging at would require the exertion 
of a force at b equal to 5 pounds. Here the^ight, 
in rising and falling, goes through a larger space, and 
has a greater velocity than the power, and, therefore, no 
mechanical advantage is gained by this kind of lever, and 
it is very rarely used ; wool -shears, acting by pressure in 
inl^fniddte, is a lever of this description. A ladder fixed 
against a wall at one end, and raised by the strength of 
a man's arms into a perpendicular situation, is by the ap- 
piioation of the principle of a lever of this kind. But 
the limbs of the animal creation, particularly of man, 
give the most evident illustration of tliis principle. When 
I extend my arm to raise a weight from the ground, or 
table, die operation is effected by means of muscles 
coming fvoth Aie shoulder blade, and terminating about 
one tenth as far below the elbow as the hand is : see 
fig. 31- The elbow, d, is the centre of motion, round 
whichrthe arm moves; therefore, according to the prin- 
ciple laid down, the muscles must exert a force ten times 
as great as the w eight raised. In general the bones are 
levers, the joints of them ihe fulcra, and the muscles the 
power which gives motion to the whole. At first view 
this may appear a disadvantage, but what is lost in power 
is gained in velocity, and thus the human figure is better 
adapted to the various functions which it has to perform. 

Some writers have described a fourth kind of lever, 
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of which a hammer, in the act of drawing a nail, is a 
fit regresentaiion, and which does not differ from a le- 
ver of the first species, but in the form. 

Experiment. Let a c b, fig. 3£, represent a Aver 
of this kind, bended at c, which is a fulcrum ; p is the 
power, acting upon the longer arm a c, by means of 
the cord A d, going over thi pulley d; and the weighty 
w, acts upon the shorter arm c b. a c is five jimes as 
long as c B, and will, with a power p, of I pound, ba- 
lance a force of 5 pounds at b. NoW;^ if a c be sup- 
posed the handle of a common hammer, b the drawing 
part, and x the point resting on the bench, fcc ^ 
five times less force would be required to draw a niul in 
this way, than would be necessary to effec^the same by 
means of an upright pull of a pair of pincers. 
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Tbe 1i|%eel tSoA Axil dea^rtbAd, bbd ite ll^tilDetple va- 

liettM ttftd tncB iUu8tntCed>«--1Vbe«l and Pinioo --The different 
kinda of Cranea deaciibed — The Principle nf the Pulley ex- 
flained* 

HavIno Considered at large dii^erent kinds of 
le^rs^ I shall proceed with the other tnecftanical pow- 
beginning with the wheel and aaid, which^ in inany 
books; is called the ** akis in peritrocfaio^^ and which gains 
power in proportion as the circumference of (he wheel is 
greater than the drcumfefence of the axis : sec fig. 3S-5, 
The wheel and axis maj be referred to the principle of 
the lever; as is evident by 1%. 3d; in which a b repre- 
sents tlie wheel; c its axis; and if the circumference of 
the wheel be twice as large as that of the axis, then a 
single pound at p will balance 2 pounds at w* For the 
circumferences of wheels bear the same proportion to 
one another that the radii have. As a lever; c, may be 
considered the lulcruni; or centre of motion; and b C; 
the radius of the wheel, is the longer arm of the lever ; 
A c the ladius of the axis, is the shorter arm, and tbeii; 
by what you have seen, there will be an equilibrium 
when the poWer p^ multiplied into b c, is equal to the 
weight W; multiplied into a c. The advantage gained 
is lost in tfie time; or in the space moved through ; for 
while p descends through two feet or inches, w will as- 
< icend only one foot or one inch. The wheel may bear 
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almost any proportion compared with the axk| provided 
the letter is not made too small to auataiii the 
nor the former too large to be manageable ; and power 
is gained either by diminkbing the diafiieter of the axis, 
or increasing that of the wbeeh In most in^ 

stead of a large wheel a fig. SA, a handle nr witidi 
is used at q, which, by its circular motion, ansn^era the 
purpose of a wheel. This is die case hi winding up a 
jack, and in raising water from a deep well. Some^ 
times long spokes adb used, as s s, in fig. S5§ whiNis one, 
two, or more men may apply their force at the pohifa 
to turn the axis. 

Cranes for raiskig goods out of^ or k^^ps, ware- 
houses, &.C., are formeU on the principle of the Wheel 
and axis, but, as you may not^wmiediaialy see tbe tpode 
of estimating the powei:, I wilt go tiwoiiigh two or three 
examples, which relale to the crane, m^stsn, &c. 

The large circular crane, in whi^ one, or two, or 
more men walk, is rather an miwieidy machine, but is 
still used at many wbaHh, wfaein miidi power is not re- 
quired; fig. 37, is a section of it, and^ tbe position of 
the figure at m shews to udial pert the man, or men, 
can climb, so that the line c s, is the long end of the 
lever, and the short end, ami advantage is gained in 
proportion as c s is longer than d z, which is seldom 
more than two or three to one. Upon this^ princi[de you 
have seen at the doors ef wire-workers, cages, with a 
bird, or a squirrel, within side, turning round the wheel 
by its own weight; and, if a small weight were sus^ 
pended, to the axis of the cage, the bird , by its motion 
would draw it up, for, as it hops from tbe bottom bar 
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to the next, its momentum causes that to descend, and 
thus cootinoes^its motioo. ' 

The capstan, a b, fig. 38, has its axis a, beneath 
the surface of the ground, turning in strong fixed tim- 
bers. Handsfdkes are put into the holes, as s, and these 
aro turned by men or horses, which, by walking round, 
<;<m 1 the rope and raise the weight w. If each hand- 
8{Hlm he 6 times imigef than the radios of the windlass, 
and if there be 4 of these spikes against which men act, 
the power gained will be 6x4=84, w four men will 
be able to raise 84 tiroes as much weight fcy this ma- 
cljjjlg^as one man could do by his unasked strength. 

The third mechanical power is the pmion and toothed 
whed. 


1^ combts of two wheels of very unequal size, cut 
or notched all round into teeth ; the number n imma- 
terial prodded they fit into each mher, to do which (he 
teeth in the small wheel mtut be to diose in tlw great 
one as the dbmeter of the former to that of the latter. 

The sma\) wheel b generally called a |Hi»on, and its 
teeth, leafes. ** 

. To calculate the advantage gained by the wheel and 
pinion, divide the mimber of the (eedi in the wheel by 
the nu'iuber of leaves in the pinion, dte qunfient wilt be 
the amwer. For exam|de let tbore be 6S teeth in the 


V 

wheel, and 7 leaves in the pinion, then 


— =9equal to the 
7 


power gained. ' ' 

Ihe wheel and pinion b applied to a great variety of 
purposes, sometimes for gaining power, hut more fire- 
quentiy for gaining velocity. The crane, which I will 
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describe presently, is an instance of the former af^- 
cation.* Mill and clock work afibrd numeroiu ilistaticea 
of the latter. 

Sometimes wheels without teeth are made to act t^mn 
each other by means of strings, or straps passed round 
them, as in tuming^latlies, mills, and planetaria. Setddm 
with a view of gaining power, as that would be nnpraC' 
ticable on account of the liability of the rope to sli^^ 
though frequently for the purpose of obtainii^ a very 
rapid or exceeding slow motion. 

The crane just now alluded to is represented in 
36, plate iii. It is much used at the water side^S'^d^ 
is moveable on a post p, fixed in the gronnd. "nie 
bale of goods B, is caugh't by the hook s, the rofie 
ses over die pulley r, and is coiled round the axis o^as 
the wheel is turned. This huge wheri is turned round 
by means of die teeth catchii^ into the teedi of the 
pinion d, and the handle k. If the handle h, be three 
limes as long as the radius of the piniony ^en^ by the 
prindple of the lever, it will gain power « threb to one. 
But the radius of the wheel is twice as fitrge i& that bf 
the axis round which the rope is coiled, which gives ano- 
ther advantage of two to one. So tha^ bydiese powers 
combined, the advantage gained is 6 to 1, or I man 
would be able to raise six times as much weight, by a 
crane of this description, as he could, widi h1$ unassisted 
strength. The pulley r serves only to change the direc- 
tion of the draught, that is, by meam of the pulley the 
weight nny be raised to the height required by a penon 
standiiq; on die same level widi it ; and, a8;^tbe whole is 
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moveable on the post p, the peckage may be easily 
drawn from, or lowered down on either side oK which 
^ vessel may happen to be placed. 

The fourth mechanical power is the pulley ; this is 
formed of wood «r metal, with a groove in its circum- 
ference, which is placed in a frame oi wood, and turns 
on its axis, llie principle of the pulley may be iHns-. 
tnited by that of the lever, a. m, % 39, plate iv. may 
be cwiceived to be a lever, the arms of which, a c, 
B c, bong equal ; and c is the fulcrum ot oeirtreof mo- 
tioo. If the weights w and f, be lutiig on the cord 
over the pulley, they wiU balance one another, 
and diefrilcrum will sustain them both. Hera then no 
advsnblgc is gained, but, as we have aeen, it is useful in 
ch«a|^ the chrection of a draught, and is much used 
in drawing up email weights to the tops of fai^ build- 
ings, it being easier for a man to raise such burdeos by 
meaM of a pulley, tjhan to cany them up a high 
ladder. 

The {mI^ becomes • medumical power when it is 
ntoveabk^ «s %. 4C^ . or when it is combined into a s^a-- 
teat, MM ^ 4 i. 

.In the pnll^ c p b, fig. 40, cmay be reg^uded as the 
fulcriim, and, by (be priuc^le of the let^, c A is the 
shorter arm, and c B the lotiger; and c b being double 
c A, a posTer, p, of I, actiqg at the end of the longer 
lever, will ausbun a weight, w, of 2, acting at a. The 
sutgect may becodsidei'ed in a different way : the whole 
weight w, is sustained by tbe cord bop, one half of 
which is sustained by tbe book s, qonsequently the power 
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has only the othn'iialf to snsUiin, or, generally, any given 
poweiiat p will keep in eqnilibrio doable wdg^t at w. 
You will observe the velocity of tfus povrinr p, tt'ill be 
double that of the wei^t vr, for in raising the latter 
oue inch, or foot, both sides of the cold mutt be altort' 
ened one inch, or one foot; of course die baint, p, 
must move through two Kidies, or two feet Hetooe, 
and with a view of figure 4), yon will easily p^ketve 
that, in a system of puUeys, die power gained must' be 
estimated by doubfiug the number of ^pulleys in the 
lower blooik So that when the fixed bhick x, conlafltt 
two pulkys wfaw^ merely turn on their axes, and tfie 
lower bb^ v, coUMins also two, which ttot onlfi^ 
on their axes, but also rise'wMi the wei^t, the sdvahtage 
gained is as 4 ; 1. 

* The modes of arranging pwllies are veiy vkHotis,*tbe 
follon'ing are among the most common : fig. 4t it an 
armigemetit of pulhes in ship’s tachles. With a force of 
six to one. ^ig. 43 is an amogemieitt of ptdliil in a 
vcstksd line, with a foree of idi to one. And fig. 44 is 
a 83 fstani of pullks, fixed on oht axisain *each block, 
havh^ a power Of 10 to 1 : this IxM: wm invented by 
Mr. James Wlute, who obtained an excluilre fight of 
manofacturii^ it by letters patent. . 

In general the a dvantage guned by pollies may al- 
ways be estimated from the Consideratioa that eveiy part 
of the same diread most be etpndly jtretched; and, 
where there is only one thread, abe' weight will be 
equally divided among all the portions which help to sup- 
port the moveable block, each of them bearing a weight 
equivalent to the force which is applied ’at the end of 
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the thread* In the common ships’ blocks, fig* 4S, the 
pullies are equal in magnitudei and placed side b j side ; 
they must not exceed two or three in a block, because 
they are apt to produce an obliquity, or twist, w'hen the 
force is applied to the rope. 

Considerable allowance must, in the use of pullies> 
be made for the friction of* the cords, and of the pivots 
on which the pullies turn. Three things occasion much 
Inconvenience in the use of pullies, as a mechanical 
power. First, the diameters of the axes bear a great 
proportion to their own diameters. Secondly, in woli^- 
if^, they are apt to rub against one another, or against 
tbv ::de of the block* Tlitrdly, the chief disadvantage 
is the stiffness of the rope, that goes over and under 
them* The drst two objections are mostly obviated by 
Mr. White’s pulley, fig. 44 ; b is a solid block of brass, 
with grooves cut in it, in die proportion of 1,3, 5, 7, 
&c*^ and A is another block of the same kind, whose 
grooves are in the proportion of 2, 4, 6, 8, Sec., and 
round these grooves a cord is passed, by which means 
they answei the purpose of so many distinct pulleys* 
But Mr. White’s pulley, though ingenious in theory, is 
not found to answer in practice. The exact proportion 
between the grooves, however nicely adjusted by the 
maker, is soon destroyed by unequal wear, which occa- 
sions the roue to drag* This can never happen in the 
common system, where every pulley turns on its own axis. 
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Of the iucliiied Piane^ its Principfe and Uses — ^Vliat Iiistraments 
referred to it — Of the Wedge, its Principie tnd Uses— bf djc 
Screw, its Principle and Uses. 

The inclined plane is the fifth meehaffical power, of . 
which fig. 45 is a representation, and the advantage 
gained is estimated by constdermg the length ofiaiahe* 
plane n c, compared with Jts height a c. If b c be 
3, and A ci:: 1, then the advantage is as three to one ; in 
other words, a cylinder b, of stone, Su* might be drairn 
up the plane with one third part of the strength that 
must be exerted in lifting it up at the end. Here again 
we revert to the general axiom, that what is gained in 
power is lost in time, or in the space passed over. For 
the length of the plane is three times es ^reat its per* 
pendicular height. 

The inclined plane is chiefly used for raising heavy 
weights to small heights ; thus we frequently see a plank, 
or planks, laid down in a sloping direction, which act as 
an inclined plane, and upon this casks may j|^ rolled, or 
wheel-barrows driven, which are heavily loaded* 

The force with which a body de^cend^ upon an in- 
clined plane, is to the force by which it would descend 
perpendicularly in free space, as the height of the plane 
is to its length. « 

Expekiment. Let two marbles drop out of youi 
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baud at the same instant, the one may roll down an in* 
dined plane, and the other fall perpendicularly in free 
space; the times of descent, if the plane be long, will be 
very manifest* This subject may be thus illustrated : 

1 . If the plane a b, fig. 46, be parallel to the hori- 
zon, a marble, or a cylindrical body, c, will be at rest 
on any part of it where it is laid. But if the plane be 
placed perpendicularly, as a B, fig. 47, the cylinder will 
descend with its whole weight, and would require a 
power equal «.o its wdght to keep it from desc^ing. 
And if the plane be todined to the horizon, as A d, fig. 
4^^ jsiid be four tiuiea the length oi the perpendicular 
I) B, the cylinder, or marble, will be supported by a 
{lower equal to a fourib part of its weight. 

,Tbe velocity with which a body falls must be esti- 
mated by the force acting upon it. Therefore, if an 
inclmed plane Im 5£ feet Ior%, and its perpendicular 
height be a marble, or cylinder, will, by the 

force of gravity, fait through the 16 feet in one second ; 
but in descending along the plane, it will occupy 2 se- 
conds. Again, if the plane were 64 feet in perpendi- 
cular height, and three times 64, or I0£ feet, in length ; 
then in free space it would, by the action of gravity, fall 
in d seconds, but on tlie plane it would be S times 2, or 
6 seccmJs. 

Hence, as 1 have before observed, the advantage 
gained by tfaiti mecbmical power is in proportion as the 
leog^ of the plane exceeds perpendicular height ; 
thus, if the phme be feet long, and the height be 4 
feet, a cask weighing 3 hundred weight would be ba- 
lanced upon it by 1 hundred weight, because die plane 
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is three limes the length of the perpetidiciilar height to 
which ihe weight is to he raised. 

To the inclined plane may be reduced haicbetai chi«> 
sels, and other edged tools, which are aloped ooty on 
one iide. 

Tlie wedge is the next mechanical power, which is 
made up of the two inclined planes, joined together at 
their bases : thus, fig. 49, d b f and c E F are the tWO 
inclined planes, united at their bases c £ F o ; 0 c is ibo 
whole thickness of the wedge at its back \ D C D, wher^ . 
the power is applied ; d f and t r are the length of the 
sides. There will be an etfuiUhritim between the {marer^ 
impelling the wedge downwards, and the resistance of 
the substaitce acting agaimt ha mdes, when the thkktiiiNi 
D c of the wedge is to the length of the IWo aides as^be 
power is to the resistance* 

The wedge is used for clearing wood, Slone, and 
W’hen the wood cleaves at a distance before the wedge, 
the advaiitoge is to be estItnatM by the proportion of 
the two sides Of the cleft to tlie kl^th of the back, or, 
which is ihe same thing, as one side of the cleft lo half 
the length of the back. 

The wedge k^illiially made of iron when n^fi for 
splitting woo^ or tocks; but if it is made tise of for 
raising great weights it is freijuently ma^e of wood. 
The force given to a wedge of any kind is generally ap- 
plied by a stroke, and not by dead pressure i for a sharp 
blow with a small hammer will overcome more resist- 
ance than a large weight. And a blow from a sledge 
hammer, used by blacksmiths, will, in cknviiig wood or 
stone, overcome more resistance Uian the pressure of 
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sevehil, tons ueiglit ; because, as we have seen before, 
there M no mode of instituting a comparison between 
the forte of momentum and of a dead weight. All in* 
struments which slope off to an ei%e on both sides, such 
as axes and chisels, are to be referred to the principle 
of the wedge. 

llle screw is tile last of the mechanical powers, which, 
though a simple power in itself, cannot be used without 
|]ie asristance of one of the others, as a lever or winch, 
by which it b^omes a compound engine of great power. 
The screw is a s^ral* thread or groove cut round a 

* cylinder; when the spiral isfEjeflied upon a cylinder, it 
3s called a male strew | felt when it is cut in the inner 
eurfice of a cylmdar, it ii triled a female screw 

If, dte apiml thread were unfolded it would form an in 
dined (dine; the jbegth sff which would be to i^ height 
as the circumfereime of the cylinder is to the; distauce 
betweau the threads^ You may try the thing for your 
self ; eigt a piece of wiling paper in the shape of a tri- 
angle, <50, and, wfep k about a cylinder a a, as your 
round ruler, and yoijt will fifui it makes a spiral, answer- 
ing to the spiral part of the screw# < , Suppose the cir- 
cumference of die rule to be three Jpbes, and you find 
the distance of the threads to be fe^an mch from one 
another, then, in a screw of this kind, the power gained 
will he aa aix to one, which is evident from the principle 
explained in the inclined planer The height raised is 

f * Hi« thread of a screw, properly is a lielix, a spirit is 

a carve capable of beiug described, oa A plane. (See tig. 7, miseel- 
Imeotts plate ii.) Ahefhc catniot bi so described; tbeesnunou 
caiiscf cw' is a belix. , 
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iialf an^lncli ; but to obtain this ascent the powo* must 
move the whole circumference of the cylinder, whidi is 
three inches, or six half inches; therefore, the qmce 
passed over by the power, being 6, and that passed 
the weight being only 1, the power gained is as six to 
one. 

An instrument has been contrived to shew the equi- 
librium obtained in the action of the screw. ABC, 

51, is a thin wedge of pasteboard, or other elastic sub- 
stance, the height of which is one fifth Sf the 

and being rolled round the cylinder B c, makes a screw, 
by means of which the weight k of 1 ounce, will sustaHi 
a weight f, of 5 ounces. 

It is obvious then, that the smaller the distance be- 
tween the threads of the screw, the greater will be the 
power of this machine : if, for instance, the distance be- 
tween them were the ^rd or the ^th of an inch instead 
of then the power gained, where the cylinder was 
three inches in circumference, would be in the one case 
as 9 to 1, and in the other as 1£ to her^usb ^ere are 
9 thirds, and 12 fourths in 3 inches. 

I have told you that the screw is usually acted upon 
with a lever or winch ; I will explain a case with the 
lever. If the* threads on a cylinder, ab, plate v. fig. 

52, be made a quarter of an inch apart, an^ the nut B, 
be turned with a lever c, 30 inches long ; then the cir- 
cumference of the circle, made by tii^ powW, will be, in 
round numbers, 1 80 inches,**^ which, divided by gives 

* The diameter of the circle wriil be 60 inches, and this multiplieil 
by 3.16 gives the circuroference ; but, to avoid decibels, 1 miilti** 
plied it by 3. , 
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730* for tbe power gained. Several men may jrork at 
sucb a preas ; now, allowing the pull or pressure of each 
ntai), on the lever c, to be equal to 130 pounds, and 
four 8 Ug|i men employed, the pressure will be 730 x 
120 X 4=345600 pound. 

The screw is sometimes applied to a toothed wheel 
instead of a pinion, it is then called a perpetual, or end- 
less screw, from its constantly moving in one direction. 

''Since every turn of die screiv throws off a tooth, the 
power gained by this combination is evidently equal to 
the number of teeth in tiie wheel, independent of any 
advantage derived from the winch. Thus in figure 1 1 of 
miscellaneous plate i., let a, tiie winch be 20 inches 
long ; b, the screw, 2 inches in diameter ; c, tVie wheel 
f<idi 30 teeth ; and d, the cylinder, half tbe diameter 
of the wheel : then the power gained will be,*’ 

From the proportion of the winch to that of tbe 

screw, 20: 1 20 

From that of the screw to the wheel, 1 ; 30 ... . 30 

From *hat of tbe wheel to the cylinder, 2:1 ... 2 

These numbers multiplied together give 1200 for the 
whole power gained. 

* TTo <twide a whole oaiiil»er by a fractioa, maltiply tbe said 
auiuber by tbe dcnoininatar of the fcaption, and divide by tbe nnine- 
. . ^ 180 >C4 

saior tbas i80-^ ^ si — - — 720. 
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LETTER X. 

General Observations on all the Mechanical Powers— of Friction— 
PrlctiofhroHerSy to what applied— Explanation of a Madfine to 
illoitrate ailtlie Moobamea] Powers— the principal moving powom 
described and eatimated. 

Having describedi in my former letters, the 
nical powers in the order iq which ih^y are uaaaI,W iMh* 
ranged, it may be necessary to d/aw your attention to 
soiqo farther observations on the siibjdct ; 

Though the operations of alt the mechanical 
powers essentially differ from one anotbefi the prpiciiples 
are reducible to the lever, or the inclined plane. The 
wheel and aale, and pulley, belong to the lever ; and 
the wedge and the screw to the latter. 

In all kinds of equilibritim that we have consi* 
dered, it must be evident, with a very little reflection, 
that the forces, or weights, opposed to each other, are 
so arranged, that if they are put in motion their mo^ 
menta in the tlirection of gravity would be equal and 
coutraiy, the velocity being as much greater as the mag* 
iiitude of the weight or force is smaller. If an ounce 
weight, plac^ on a lever, at the distance of 20 mbes 
from the fulcrum, counterpoise a weight of four oimciw 
at the distance of 6 inches, the velocity with which tlm 
ounce would descend, if the lever were moved, yrould 
be four times as great as that with which the weight of 
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four ounces would ascend. A single moveablo^ pulley 
ascends with hajf the velocity of the end of the rope 
which is drawn upwards, and acts with a force twice as 
great ; a block of tw'o shieves enables a weight to sustain 
another four tiroes as great ; but the velocity with which 
this weight ascends, is only one fourth of that with which 
the smaller weight must descend. When a weight rests 
on an inclined plane, of which the height is one third of 
the length, it may be retained by the action of a weight 
of one third"" its weight, drawing it up the plane by 
means of a thread passing over a pulley ; in this case 
the r*elocity of the larger weight would be one third as 
great as that of the smaller. 

In all the mechanical powers, one fourth, some- 
times one third, of the advantage gained must be allowed 
for friction ; thus, if by a combination of pullies, the 
power gained be as ISO to 1, in order to put them in 
motion we must not calculate upon more than 80 to 1 , 
Friction is the resistance that a moving body meets 
with fr^m ih^ surface over which it passes ; it is of two 
kinds, the rubbing by friction, and the friction by con- 
tact. The former is represented by a locked waggon 
whe^el going down a hill, the second by the wheel 
touching the ground in its usual motion. The force of 
friction varies in proportion to the different surfaces in 
contact ; thus, a marble passing on a smooth pavement 
suffers less from friction than it would from gravel, and 
' it would be impeded in its motion still less if it were 
driven over ice. But the hardest and most polished 
bodies are not wholly free from inequalities that retard 
their motion wbcn they act upon one another. The smallest 
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impedii^Biit from friction i*^ wkan finefy poK^edi ifouis 
made to rub on bdiioOietal^ but oven tlmt qre mn 4 
lose abotit one eighth of their mowi^ power. 

Tile fridiofi! between noUbig bodies is much toen fbaii 
in those that drag ; bencei in certain kinds of wheels 
veork^ the aaie is made to move on smait wheete^ or 
roUer^ in the imier cirGumfiM*enee of ||lo nave. Tbeao 
ere denoiitmated frictioo^roUers, and ere so placed 
gather itt a faox^ and fastened in the neve^ that the ex)o of» 
the carriage may rest upon them^ and they turn rouvid 
their own centrea as the wheel conliitiieS' ilt» motion^ 
Fig. S3p represents ^ section of the € ethe 
and; IT B the friction-rollers^ which tom round their^ oww 
axis as the wheel revolves round the axle A of the car- 
riage. Friction <-roliers do not auewer in very irsavy 
chines, as the pressure is apt to wear the naves intO' 
notches, hut in l^hl and rapid mottefie Ibej am eos-u 
tretnely usefub Larger metid balls^ on the satne prin^ 
dple, were made use of in tnoviog the immense bbek 
of stone from tlie coamcry to the gmud xquaravof 9t« fie* 
tersbuq^y see 54. Tbeymay also Im nmd with 
offset in tnmiiig heavy bodies^ as the top of n windmili^ 
or the dome of an observatory, or such oralies as bwe 
been represented in Bridges over canals have 

been placed on diis kiad of rollers, or whee|6, in order 
to bn turned out of the way of boats that may be ilMiai 
with light goodly and to a great height. * FrictioiHrol*^ 
lers are somctiioes used with pulties, as fig. 55 ; if ' the 
axle A be touched ortfy by tlfo IrieboiK^royiem, iba 
pulley B luiti ou tiia outside^ three men are^ suppoeed^tp 
be able to do the work of five k| thqccMmm wny« 
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I will ^W. give 3rou ao illustration of several^ of the 
mechanic powers, in one machine, with the figure of 
a common crane, taken diiefly from Mr. Adam Walker’s 
^'Sjnitem of familiar pUlosophy.” a, fig. 56, is the 
crank handle, which is .4ve times as far front the centre 
of the {finion' B OS the teeth of the pinion are ; hence a 
power of 5 is gained by the handle, according, to the 
principle of the lever. The wheel v is twenty times the 
diameter of its axis c, round which the rope is coiled, 
and the power^ioed is 20 : therefore, the power gained 
by the wheel and.fxis, and handle, is equal to 5 x 20= 
100. The from the axis over die pulley e, 

which chtmgetitsdkecfiiDii, and carries it to the system 
of pullies,,>which is ,«nde according to Mr. White’s pa- 
tent, with four ipopves in die lower bbck ; this, as you 
know, gives a power of 8, dierdFbre..4he advantage 
gmoed is 100 X 6 or 800, that is, a child who could 
oxertfits force at a, equal to 1 pouud only, would be 
able to balance the we^ht w, of 800 pounds. But be 
could not it in iii«f|Mf - hecii^ the friction of die 
parts, 8^ the Hop^ectioa of dM^atructure, would di> 
minidi it at least oi^||iirdj, ,250 jp^nds ; and, therc- 
fots, in a ctane of .thu ^nd,' we mit4 not rely upon a 
higher power than 4, dr oOQ; if a anan, at ordinary 
work, can »ert a fofce so m^to M 80 pd,j40 pounds, he 
would be fUe, by such a ata^^e, aatt^th as much 
ease to biioteif, to 400 tiffie|ii$ ONHdt. then he 
Would lose in time what„he,gtiti^,d in powi#^ for the 
ascend 800 tt|!i^ slowec'tiigl^e mo- 
tioa of the l^nd at A, Hetice^ || all machh^^wbat- 
ever, what is gamed^in power >n time. 
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Example. If a mati can false^ with a sin^e fixed 
pulley, by which he gains no advantage^ a certiki pladk, 
or stone, in oiio fiiumte, he will raise eight ine^t 
minutes, bat with a tackle, having four pulltes 'lii ibe 
lower block, he will raise the eight with' the sehie 
at once ; but he will be eight tim^ as hmg abdtitit, be- 
cause his hand will have eight times as mhch space to 
pass oven The great advantage^ then, in the mechkiticai 
powers is, that if the six planks, or stones, were in one 
piece, it might be raised by a tackle/ though it would be 
impossible to move it by tbe nn^sisted strength of *a 
single man. Another advantage is, that by machiflbs we' 
can give a more conveniefit direction to the . moving 
power, and apply its action el adktatme from the foo<fy 
to he movecK 1 will now give a brief accotnit of ilic 
principal moving powers, and condude this letter. 

The principal moving powers are — I. Ute strel^tfi 
of animals, as that of men, horses, and oxen ; and it is 
ascertained that a man, of ordinary strength, is reckoned 
capable of doing about the fifth part as iwiich w«ark as a 
good horse. 

2. The force of running waters end of wind, which 

are advantageous movers of water«^r^mcs, j^nips, mills, 
&c. Running water, in which the slHIbm is pretty con- 
stant, is preferable to wind as a moving poster, on ac- 
count of its uniformity. , * “ 

3. The force of steam, which is the most powerful of 

all agents at present known, and which may be applied 
to a thousand useful purposes, from the smeUest to the 
most powerful engines. • : 

4. The weight of heavy bodies. simple weight, 

£ 2 
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98 applied to clocks, jacks, aad other machines, < is die 
power wbjid} can be readily applied as a first mover, and 
its action, depending on gravity, is most uniform ; but 
as it requires to be wouild up, after a oertaui period, k 
is mostly used for slow movements. 

^ Tho' force, of springs. The spring, tmder vaiiotis 
cuciunstaoces, is a very useful moving power, but, like 
weight, it requires to be wound up after a certain 
time, whence it is also used chiefly for dow movemeals. 
It differs, however, from the wei^t, in one remarkable 
circunntaiice, which is, that its action is not tmiform, 
being vtirongest when naost bent ; but there are methods 
of rectdyiog this defect : thus, if you look into your 
wajtch, you will see that the cfaaki is made to wind up 
ott a conical piece of metal, which, by being larger at 
the bottom, assists Ike action of the spring when its 
fonme is weakest 
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LETTER XL 

Hoiiiet in coliapal^d'— Strextgth Bodied iomtigated-- 

Bbney of Aiibiiats ttrosger by bctegliollM^Wky MMcs dfCom^ 
QniUs, Ac. are made hollow-^Sanitg by the stnietnra>of Mlow 
Maftto—Larger Bodies more liable to accident than smallei^ 
^Mecbaiiical lowers, bow proportioned— expound Mactiines, 
Ifow examined— Poweti of Wheebwerk, boW aicertldBtM^ 
Wheefo and PiaionS) bow proportiafied* 


MY YOPNC FEISNB, , 

iletORe tttre q«it tbt of loiiecfaaDics, t 

e mtea vouf to shew you tbe ij^lkuiiun of the geaeni' 
prtnt!ip]e» of the sdeoce to practicUl porposes. . Voa 
must have observed, and a reference to the several 
figures, already described, will make a stronger impres> 
sion on your mind, that the theory of mechgnics may he 
traced to very sim)de laws. * 

Bodies in motion may be compared, either with 
spect to the (pianttties of matter that they contain, or the 
vdhocities with which they are moved, the heavier a 
body, the greater power will be re^uWd, either to give 
it motion, or to stop it when moving ; anS the swiftef 
its mofion, the greater its force. Its we^fit, midti{^ed 
into its velocity, is called the momentum ; of cdorae dih 
momenta of moving bodies will be in propor6c4 to their 
several wei^ts and velocities of motion : jf ti, «i, re- 
present the momenta; w, w, the weij^ts, or qimntities 
of matter ; and v, v, the velocities of two bodies ; then * 
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the general theorem will be 

M:m;:wXv:8;Xv 

Example.— 'I f \v=:!20 : a>=:iO: v=:12 and 
tiien 

M : m r: 240 : 60, or 

the momentum m, of the larger body, will be four times 
greater than the momctitum of the snjaller. This 
principle extends through the whole of mechanics. 
When the bodies are suspended by any machine, as the 
lever, the whe^i and axis, pulley, 8cc. so as to act in 
contrary directions to one another ; and if the machine 
be pifjt in motion, and the perpendicular ascent of one 
body multiplied into its weight, be equal to the perpen- 
dicular descent of the other, multiplied into its weight : 
tb/se bodies, whatever be their weights, will in ail situa- 
tions balance oue another ; for, as the ascent of the one 
is performed in the same time as the descent of the other, 
their velocities will be as the spaces passed over, and 
the excess of weight in one body is compensated by the 
excess vhloc^ty in the other ; so that, in all cases, you 
may compute the power of a mechanical engine by find- 
ii^ how much swifter the power moves than the w^eight, 
or hd^w much more space it passes over in the same 
time ; for so much is the power increased by the aid of 
the engine. « This will be obvious on an examination 
of the sevepaj figures, explanatory of the mechanical 
powers. 

The properties of the lever have been applied to the 
investigation of the strength of bodies. When the two 
arms of k I^ver are not in a right line, as a m, and c r, 
(fig. 57, plate vi.)*actiDg against one another, on the 
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fulcruip AC; the power p, and weight W, will be in 
equilibrium, when pxbc — wxam. If, instead of 
one larger power p, there had been several smaller 
powers acting at a, 6, c, d, then the common centre of 
gravity of them all must be found, and at this point, as 
at X, their force will be united ; and if the power sr, 
multiplied into a c, be equal to w x A M, then the 
weight and power will be in equilibrium^ 

The sum of the powers being given, it is manifest 
that the farther the centre of gravity ;r, if removed from 
the centre of motion c, the more effect will they have 
in balancing the weight w, or in overcoming an^ti^other 
kind of resistance. Hence it was inferred, by the great 
Galileo, that the bones of* animals, containing a certain 
quantity of matter, are strouger for being hollow. » 
Suppose c B F, represent the length of the bone, con* 
taining a given quantity of matter ; and the circle chdb, 
a section of it perpendicular to the length, and p a 
power applied along the length to break it ; then the 
strength of the longitudinal fibres, by which th^bone is 
preserved, may be considered as uifited in a, the c^tre 
of gravity of the circle c H n E, which is the common 
centre of gravity of those forces, whether, the seg^on 
be a circle, of a section of a bone ; but it is evident^ 
that the distance c a, of the centre of gnm% is greater 
when the section is a hollow ring, than it would be if 
the matter of the bone wertg compressed into the spacdl 
c A d e, without any cavity ; of course, the power with 
which, the parts adhere, and which act in a ^direction 
contrary to r, is greater in the same propoftion. 

You will now see the reason why^ the stalks of com. 
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|l|ie lealhera of fowls, icc. a«e hollow; tfor \S dif; were 
fd* the jome size as they now one, hut solid, dieir weight 
would he 400 frest for the ^qposes required, if the 
same qiiaiditgr of lOMltter now «dstisg in them, were 
consipMssed. into o salad form, ibmr Mrength would he 
iusuttoient to resist the |iowers opposed to them. 

In mooy cases art has, in this respect, omitated im* 
ture; I will gire jwai m hastuace, in which Mr.. Gboige 
Sesart has applied the principle >ia oonshucring hollow 
irmste, instead tef naii^tbe dmher in the sedid Sana ; by 
this means, not half the weed is reqnired to make a 
stronger mast tban tbore in commonaiae. 

. The iron cofaiinns lately erected in fiwHt of the Opera* 
house am jmoAer inshmcB of ' a jwhriaas appGcsrion of 
tl^s priacqde; far by hemg hollow, <Aey ore wot vmify 
Nsore ckgaat m appMsaoee, bwt mioh MnM^er tboo the 
sane quaait^ of ofdid matal would hanw >Imrii. 

It arey be obsrered, that in siaailar hodies, whether in 
mere aaachines, or in the omraal stracture, dtepreater 
■re niarp liabb te aiecideails than the iewer, and hree « 
has relabte atmngth ; that is, the strength does net in- 
aamre so the proporttou of their megnttades. A brge 
colnpBO is mom lihaly to breatk in its fsll than one half 
iV * thhd die «iae. A nan, as caperience every day 
pH— I, it ip saasidi gi—lar danger from an c i d eWt s of this 
sMt t**™ * tdnld ; for It is esriiy demonstrated, that die 
te— whioh aendi.to break bodies, or to render than 
liabie to -dat^ereusniic^enta, mcreastn in a greater pro* 
peuriou than die form which tench to beep them entire. 

ExAMPbv. Sap posc nnoB^ nnd fobs, (fig. 
5d), to be two beaqis fixed ia a wall, by the ends are. 
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fb« tm k d^bte (te lH%tli ikhd iSMSk ttib 
thickness of the other. But as all solids dhb ffr hlih 
tfnodter as Ihc tubes ^ dieie n<ftS| tbeftr i#iS itlight 
times as mmM mMot k the laigt beiiin akliefili {ti 
the smilkf one, ead their stel^tl tony ht 
be aocutffolsaed hi Ibe eemees of griisStf 
ar and tMR # is aft dmiUe Ute dlMflbe WM die ^ 
that t is, and ther^re die stress the HKiM itdtkig 
in die wall, ev Ike tetilb^ to bltadc diem, eriH hO 
8 X 8^=::: Id timid j^ater in the large Aidl thae hi die 
small ofie ; dittt is, 8 tknes oh aecoiitit of die , 

and twice by dw centre Of gravity of the lavde f^mbeieg 
at double die distance of mat df dm iMUi oaie. 

But the forees vrhich tend to imtp the beims eilfire,* 
are in piopoition to die cistsiti^ sedldt^^^ Shd 

F s It, that is, as 4 to 1, Or the hogsr beam wilt be four 
times less liable to break than dm nnall ofie ; diride the 
l6 by 4 , and stdl dieie is a fWiqportioii Of 4 to 1 against 
the sn*engtfa of the kfgir beam. 

Hence you will easily infer, that bea^s^ hr ahy other 
bodies, may becoustnscted so large as to break by thesr 
own weight ; and it is observed, that maditdes Which 
succeed well iu models, may, when eaetmmd on a«la»ge 
scale, fall to pieces by their tiWO gravity. 

In the construction of maebmes, we must comidtk 
what weight every part is^to bear, and proportion die 
strength aecordii^ly. In levers tbewtrongest part midt 
be made where the strain is greatest ; thus to levers of 
the lirst kind, they must be strongest at the fulcrum ; in 
those of the second kind, die grealesi stMtglht muSE be 
£ 3 
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nAere the weight acts upon them ; and in the tl^d, at 
the power. 

Hie axis of wheels and piilUeSi and the teeth of 
wheelsi must likewise be made in proportion to the 
work required to be done ; and the excellence of aU 
kinds of machinery is to be estimated by the proportions 
being properly adapted to Ae work to be performed. 

To examine a compound machine^ you will find the 
best method is to go to the centre bf motion^ and trace 
the parts onwA^ till you arrive at the weiglit to be 
raised^ or the power to be overcome : thus, if you wish 
to knqjiv how the weight w, (fig. ^6, plate v.) is raised, 
you would go to the winch b, which turns the small 
« wheel, and this turns the larger one ; this again in its 
ra^olution winds the rope on its axis, which you may 
trace over all the pullies to the weight. 

If you would discover the mechanical power of any 
engine, it will be sufficient to ascertain the spaces de-> 
scribed by the power and the weight ; for if the power 
passes overv6, or 8, or 12 tiroes the space of the weight, 
then the power gained will be equal to 6, or 8, or 12. 

Where it can be conveniently done, the compound 
machine may be divided, in your mind, into the simple 
ones of which it is composed; then call ' the power 1, 
and find tlijp forces, in numbers, which the first simple 
machine exercises upon the second ; then again, between 
the second and thtfd, the third and fourth, and so on : 
multiply these numbers together, and tlie product will 
be the force of the machine, supposing the first power 
one.— (To refer again to fig. 56.) 
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Suppi^e the winch to be twice as long as radius : 

of the wheel b, then the power gained is as . . ^ 

If there are five teeth iit the wheel B| and SO in the 
wheel y, then the lijtle wheel will f o round (3 
times while the large one revolves once, and the' ^ 
power gained is as 6 

If the axis be 30 times less than the wheels the. 

power gained is a$ * , ^ 

By the single pulley no advantage is gained ; but 
in the pulley p, the power gained is as^ouble the 

number of strings, that is, as * 8 

2 x6 X20X8=^ 1920 equal the power gained^ or an ' 
exertion of one pound or hundred weight, at the hand A, 
will balance 1920 lb. or cwt. at w» 

-Again, if you would calculate tbe power gainedjn 
wheel-work, take the product of the number of teeth, in 
all the wheels that drive odiers, for the power; and the 
product of the teeth, in all the wheels moved by thero> 
for the weight ; and divide the one by the other, for the 
power gained. Or in wheel-work, there ar^ either iw^o 
wheels fixed on the same axis, or one w^ieel anci pinion, 
as Y and u, (fig. 56); or a barrel that supplies the place 
of a wheel ; that wheel which is acted upon as y, is 
called the leader ; and the other, which gives motron as 
B, is called tlie follower ; then take the product of the 
number of teeth in all the leaders for the^veight, and 
the product of those in all*the followers for the power; 
divide by one another, and the quotient is the power 
gained. 

In all cases, the number of turns of the wheel, mol- 
tiplied into the number of teeth, is equal to the number 
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<oS tiamKi the piniim into k> mmber of teeth ; dwt 
4 m number at tmm in 4ie wheel and phnons will be 
McipMcalfy M peaportiow to dwir number at teeth. 

^XAMYLE. Sappow die number of teedi in • wheel 
and pinion be m IflO md 10, dw^ far vmj tarn of 
die wheel, there will be IS of the fnaina : but if the 
raunber of teeth are an 60 and 10, then far eaerjr turn 
of the wheel there will be oidy 6 of die ^mon $ and if 
the aHaher of teeth am in bath, they will turn 
with the iMM vdodty, and eadh tota of die wheel will 
have a corresponthng turn of the pinioe. 

If dawB be any nawber of wheds acting upon so 
mai^oootigueua pmons, you may divide the product of 
the teeth b the wh^s by thoae of the pinions, the quo* 
will be die nundhar of tarOi of die last |HnioD, for 
one tarn of tba int wheel. 

£sAMrx.E. I Sappose ihne pinions of 9, and 
IS teeth, drive wheals of S4, S6^ 48 teeth, then 

* N ** X 4:±64, w3l be the namber of turns 

made by dm ^t pinion, whde the wheel goes round 
once. 

From what has already been said, you will be pre* 
pared to deduce a rule, by which the num.ber of wheels 
and pinions being given, you will get the number of 
tCetb, to be cut on them, to make an index, as the hand 
of a clock or ijfatcb turn a cei;tam number of times. 

Role i. Find the component primes* of the given 

* Tbs coaipenmt^iiiKS, or prine Bomben, are those that can 

be only diddeiUby n^y, m as to leave w reaiabider ; those are s, 
9, S, r, 1 1, Ax. thaa fas Haw* sf m ■* faaad by diddtng by 3, 
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iiliidi «re *1 tint atMBtwr> niifaoat 

reoiai^en. 

II. Distribute diese divisors intOk as many sepatile 
parts or pareah as y«i base wbeds to use ; and eadi 
part or paraA neddfiUed togator, is to ba the nunitix* 
tor of a fraction, id' wtweh noil; b the denominator. 

III. Muttiply ^e iHitnerator Mid dsoominator of each 
fraction by any nomber &at you intend for the number 
of teeth in the several (unions, and the fractions witt 
shew the number of teeth in the wheebemd pinions* 

Example. Suppose 1 were required to ro^e die 
index turn 3600 times, by means of 4 wheek^and 4 
pinions. 

The primes of 3600 are 2, 2^ 2, % S, 3, 3, 5 ; tSiese 
1 am to divide into 4 (larcels, because there are fqpr 
wbeeb, and as I do not mean to have the wheels of the 
same size, or of the same aninber id teeth, 1 dbtribote 
them thus: 

2 and 2 /The parts of each parcel are / 4'\ f 

2 and Sj to be muldplied together for 1 6 f 

2 and 51 numerators of fractkos, aq|^S to i 

S and 5 vwill stand thus: (.15./ 

Having determined that the pinions diould emnut of 
pinions of 7, 8, 6, and 5 teeth ; 1 muldply the numera- 

3 , 5 , and 7, vrhicli mnltipUed into one sootber, givu tbs origbud 
number. 

s)tij 
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tor and denominator of each fraction by the ni|mber, 
which is equal to the number of teeth in each pinion, 
thus « 


fx7 = *f={ 

|X8=V={ 

wx6=Y= J 
V x5icV={ 


teeth in Ist wheel, 
teeth in 1st pinion, 
teeth in Sd wheel, 
teeth in €d pinion. 

teeth in Sd wheel* 
teeth in Sd pinion, 
teeth in 4th wheel, 
teeth in 4th pinion. 


These divisors might be arranged differently, as by 
putting three in one wheel, and leaving one divisor only, 
for another wheel, as 


( Then if the pinions are to v r 
^ QxSzi f- 3 consist of 1^, 7 > 4, and 3 V 

^x3=:f Iteelh, the teeth in the|“"l V 
5zz i ^ wheels and pinions will he) \ ^ 

These observations will, if properly attended to, and 
thoroughly understood, be a proper introduction to my 
nest letter *^on clock and watch w'ork ; which depends 
almost wholly on a combination of wheels and pinions. 
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LETTER Xir. 

Strnctnre, Mechatiisiiii and mode of Operation of Ciocki-^How 
Time h aceorately meaiared by a Pendaliiin-*-Dial»irork *of a 
Clock explained-^Striking Tiaui explained-^linictiiie and Me- 
chanism of Watches explained->-Other Cnstninients to point out 

the Divisions of tlme«^Of time and its divbions. 

o 

You will now be able very readily to comprelietid 
the structure of clocks and watches ; the drawinf^^ %. 
59, which accompanies this^ is a representation of the 
inside of a clocks seen side-ways, or such a view as you 
will get by opening one the side doors of a coinmb^ 
eight-day clock. The frame-work t t t t, is usually 
mfte of brass, and intended to hold the par(s4ogether. 
The weight c w, gives motion to the wheels, &c., for ^ 
the cord to which it is attached, is fastened by the other 
* end to the barrel c, at x, therefore, in enddhvqming to 
descend, it turns the barrel c, to which is attached the 
W'heel d; this wheel tunis the pinion d, and also turns 
the wheels n and o, and, with the wheel o, the pinion 
p is turned, which turns q ; but the wheel e gives mo- 
tion to the pinioD e, the w4ieel f, and tha pinion 
which pinion turns the crown, or balance wheel g H- 
The teeth of the balance wheel act uf)on the pallets i k, 
so that after one tooth, h, has communicated motion to 
« the pallet k, that tooth escapes, and the opposite* tooth 
o, acts upon the pallet . 1 , and escapes in the same man- 
ner. 
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Tbe motion of the pallets and crown wheeUwill be 
better underatood by fig. 60. d c are the pallets inove> 
able on the axis a, and - connected with the pendulum 
A B, so as to vibrate with it ; now, when the pendulum, 
by a v^ation, comes into the pontion a x, the pallet c 
wiU escape its tooth, and b wiB act iqpon an opposite 
tooth, tbe penthihim returiuiq^ • esci^es, and c acts 
npon another tooth, and BO on. 

By referring agaio to you wtli perceive at 

once, that when tbe pendulum is made to vibrate, all 
the wheels mast partake of the motion, and dien the 
wei^t w, acting upon the wheels, must confinue tfaw 
modon, imd hkewiie the motion of the pendulum, till 
tbe cord is woand off from the barrel. 
r Von will also observe dnt the quickness of the vibra- 
tions of the penddkim regulates die v^ocity of die 
whed>vg>rk ; for if the pendulum a b, swing secottds, 
each pallet will be extricated in a second of time ; if it 
swing half seconds, each paUet will be extricated in 
hidf a mond; of course, as the modon of the crown 
wheel, and thlit of all the other wbeeb and pinions » 
regulated by tbe dmc taken by the extrication of the 
pallets, it is regulated by the pendulum, and will be 
twice as swift in clocks, with half second pendulums, as 
h is with fecond pendulums. See Letter Y. pages 39 
and 40. 

When the' cord c upon which die weif^t w, is 
suspended, is entirely run down from off the bnrrd, it is 
womid up' again by a key, that goes on the end g, by, 
turniig it in a contrary direction to thait in which the 
weight descends. You must, however, observe, that on 
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the htrrd c an tmo nB hte > i> « ^Mh fMK ttf ^lAach t» 
repMseniwI m 61 ; d k Ae wheel wl eclt tMlii'te 
X ; etnd X thentiket wlMe]>llMs «eMli 
when 'dm beivel it turned the vereree wey, raueett 6ie 
cSdc c,ee that the muchet wheel t, lumi hi (be^recK 
taen k wUk 6 m wheel » n et reet; hot esfleeuria 
theeondie weeead ey» keeididc ■IMbhi twR ween 6»e<ee<h 
which wtt i^en aetd oli%ee the whetd h, to Writ idwtg 

widi the hnnel. Mil “die dene )of the taxing e^heepe the 
click between the eeelh <of die reichet wheel. 

Let ut turn again to 6g. SO, and esamine bow dbe 
chviriont of dote ore petiiited out by weaae tof tfaejumde. 
Hm wheel ttt it MadetewwollK In «n boat, iwd the 
pkot e of thia wleedi, pawei on to h, oh wMdl ibO hn- 
wite hand m 6aed : i|h» dieii fttiuMwiaR thi dieiei«h 
each beur MKo imiitntei^ if the die! tklMe i» oe difhted. 
d^lm, the wbcd n twfti ttw tflical «, wbkh aete on 
the |MMen p, wbicb acts on % and tb» wheel q q, 
makes Kvokitiaa in It bams; on the prrotT, is 
fixed 6w boM hand, wbicb, of cotme, iiq|dce*oe( the di^ 
into beurs. In 'Jooldng at the front of « <doek, die thl- 
mite and hour hands appear to be on the mme |dfot, hut 
that you know, is impossible, because one leyaleeB 
twdve times fiSler than the other ; diet is, the minote 
band makes its circuit «n an boor, but tb:j hour hand, 
tabes twebre hours for its mvoltwion, wad sow yon per'* 
oeive thet the maate Iwmd turns on she pr^ h, and tins 
huM in the aocket of o, wlfidi socket terns twelve tkibi 
stowertban dieotber. 

1 will now oxfdihn how time taeo ecsotly mawtired 
by the pendulum, and by what meaip 4n aevstlll wheels 
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are ntade to tom in any given times^ as an hour^rtwelve 
boars, and the like. We have formerly shown, (page 
4 <)), that pendulums vibrate slower or quicker, accord- 
ing to their lengths. Suppose, in our clock, the pen- 
dulum to vibrate half seconds, in this case there will be 
60x60x2= 7200 vibrations in an hour. You will 
then, my friend, naturally ask how the wheel B, is made 
to take an hour precisely in making one revolution ? 

This depends on the number of teeth in the wheels 
and pinions, aecordiog to what I toM you in my last 
letter. ' 

Suppose the balance wheel g h, to consist of SO 
teeth ; then as each tooth acts separately on both pallets, 
wbicb occasions two vibrations of the pendulum, tbe 
pendulum Will vibrate 60 umes while tbe wheel turns 
once, and as = 120 , this balance wheel must make 
120 revolutions in an hour. Tbe pinion /. moves with 
tbe balance wheel g h, and turns the wheel 7, but there 
are 6 teeth in f, and 60 in 7 ; of course /‘will make 10 
revoluti 9 ns; while f makes but one revolution ; therefore 
the wheel f turns (Vo^=) 12 times, while the balance 
wheel turns 120 times, or while tbe pendulum swings 
7209 times. With the wheel f the pinion e turns, 
which turns also the wheel e; but thm are 6 teeth in 
e, and 72 pt e ; therefore the pinion e turns (V=) 
times, while £ turns once. Hence you see that b makes 
one revolution only, white e and r make 12 , while the 
pinion /* and balance wheel g h, make 120, and w'hile 
the pendulum makes 7200 vibrations, that is, in an hour : 
^in other words, the wheel £, and the index h %, make 
i t^voluuon in one hour precisely. 
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Wetnow come to the hour hmd: the wheel n, is 
turned b|| the same nm e, as tunis E, of .course it 
makes its revolution in an hour ; the wheels K and o 
imve each 30 teeth ; and being turned by the aK» c» Ib^ 
both make a single revolution in an hour ; with the 
wlteel o, the pinion p, and wheel q q revolve ; but die 
pinion has 6 teeth, and the wheel q q Ims 78 teeth, 
therefore the pinion p, revolves (V 12 times while 
the wheel q q, revolves once ; in other words, the wheel 
qq, (to which is attached the hour hiAid oil), turi)s 
twelve times slower than the wheels o, N, and E ; but 
£ turns once in an hour, and therefore q q turgs <mly 
once in hours. 

You will remember that the weight if, is not a ne- 
cessary part of a clock, Hecmve smalt clocks, as thcee 
which stand on tables or brackets, do not admit of 
weight to run down; these, then, are moved with a 
spring contained in the barrel, instead of "a weight and 
cord to be wound on it. 

If you now turn to fig. 62, you will^see* a ijififorent 
view of tlie inside of a clock. You observe two sets of 
wheels ; the set connected with the barrel a, is that 
w'liich we have already described ; the other set, son-- 
necled with n, is the striking part. These sets, or 
trains of wheels, are independent of one another, and 
each has its first mover, a %nd b ; the trai^ a a, is con- 
stantly going, to indicate the time^ by the hands on the 
dial plate : but the train b b, is only put in motion 
every hour, and strikes a bell to tell the liour. X is the 
barrel of the ^ing part, having a‘ catgut* or cord, x, 
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wowhI rcond it, ssqfwndiiq; ^ w, widdi keeps 
'die ckwik goh^ in <tbe wajr iteicribed ri)Ove.« 

I now proceed sridi (he laei^MMta coMnected with 
die strdting of die chidt : the first mover is the barrel 
s, bevw^ a dkk, such u ins been destnbed with regard 
to %. 6l. To this bamdl » attached a wheel, b, called 
die cottnt-whed, faavn^ 7$ teeth ; it toms a pinion of 8 
teeth, which is connected with the pin or striking- wheel 
«, of 64 teeth, aclief aleo upon a pinion of 8 teeth, be- 
hmgii^ to lh£ detent or prop-wheel o, of 48 teeth ; 
thh turns a pkiion of 6, on the same arbor with a thin 
vane ef metal, called e fty, intended by i||,i«nstence to 
the air, to regulate the velocity of the wheels. Y is the 
hammer, end s the beU. 

>. The wheel «, has eight pidlprojectiDg from it ; dime, 
^ they pass by die mil of the hammer n, raise it njp ; 
die hnanseris retsmed violendy when the pins leave its 
lad, • aprii^, m, pressing an the end of a pin put 
through its arbor, and strikes the bell. There is another 
apring,/^, Whicb lifu the hammer of the beii the instant 
it has struck, that it may not stop the sound. The 
e^th pin in the wheel a, passes by the hammer 78 
timvs in atfsking the 18 Ijpars, because 1+2 + 34-4 + 5 
'+6+7+8+& + l<l+ll+ 12— 78, and as its pinion 
hat eig^ Isaves, each leaf of the pinion answers (o a pin 
in the wheel <As the gre«t wheel has 78 leedii, it will 
turn «iiG« in 12 hoar/. The wheel x, havii^ 64 tee^,' 
d^«f them p^pond to one of the pint for the hBm‘- 
amr ; and as li^ pinion of the next wheel, o, has eight 
.i<|^di, die wlied its^f will turn once f4|[ each stroke of 
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the hammer. A»< o tuiw eawe ^ € reFoln^mte di ito 
piaioo ; am) aa F timw cmoe (Sm* 8 fevelutbna,^ iU: fir 
luoq of 6 kavee, the fly/, wiU tent fl x 8=:48 tinoHailEir; 
OIKS revolfltion of the wheel o, whkh )• tt^ hhe 
etroke of die hammer. 

But. you wdl iHdufaliy aah Khat meliw is a cloeh 
made to strike at. each famtr the pisemae mimher of tteea 
required? 

There are many CQiitriwiDce».for prodndqg dm efiaeti. 
but I will coufioe mywdlf to « deKriptioo*ef om of the 
most simple. 

As the par|| whkh. pecform this oQce ase eommaled. 
by the wbeek io whidb ve baae juahaiow referral they 
could not be delineated » the ssyeae flgure witboiri pro* 
ducii^' confusion. I ^ksefore meisely mdicate 
skuation io flgucea 02. and 00, aud nsHiat refer yoif .flri o 
complete representation of them to flgnre 1 wd 2 of 
mUcellaneous plate, fo wheel B, of flg, 59, {date vi. 
is fixed a pin, the tun which is to lift up the detent,, 
a, fl (see fig. I and 2, of ra3orilaneou% {d^ a.) the- 
further extremity of wbiofa, when dossn* looks into a, 
notirib or rests against, a pin in the detmk wheel v, 
whilst its projection f, falls into one of the iiotche&>in 
the wheel ^ ^ which is afihmd on the arbor of tbekount* 
whmrih. ' 

The lifting, up of the detect sets the striking train im; 
Iflieriy, and. allows the we^ht or apri|ptQ put the ndiola 
in ftodoo. The wheel b contieidlSitQ mpve till Us pin 
slips, from under the detent, which wouW in cqnaeh 
guence immediately drop down an^ loidti thie. detent 
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iivhee), were it not prevented by tbe projection ^ which 
rests on the rim of die wheel l i, and continues to do so 
until a pin in the pin viheel has raised the hamaj/er^ and 
caused it to strike one. By this time the detent wheel 
has made one entire revcdntion^* the pin wheel and the 
wheel Si, of a revolniion. By dtis means notch 2d 
in the wheel S i, is brought immediately under the pro* 
jecting piece f, of the detettt, which slipping into the 
notchj allows the detent to fell down and lock the de- 
tent wheel. From this time the striking part remains 
at rest till the next hour, when the pin in wheel £ com- 
ing iiTcontact with the tail of the detent> pises it again. 
But the clock will now strike two ; for notch 3 being 
from notch 4, the rim o^ie wh^el J $, will support 
the detent until the pin wbfli has gone through | of a" 
revolution, that is, till two pins have passed by and raised 
the hammer. And thus by continually increasing the 
spaces between the notches in the wheel i S,i^ part of 
the whole circumference, the striking train is kept in 
motioif until the requisite number of pins have passed 
the hammer, and caused it to strike the proper hour. 

Figure 66, Mechanics, plate vi. represents a spring 
or table clock, a a*' is the going train, a' the barrel con- 
taining the spring that keeps the going train in motion, 
V die chaiif, f the fusee, g the ratchets and click described 
in fig.^6l , fqr preventing the fusee from turning without 
carrying the w beef 4 along with it. This wheel e tii||lP 
the pinion e,, yvhicl^'is fixed to and carries round me 
wheel a. The whe^A a works into the pinion i, ahd 
turns both \hat am the wheel b affixed to it ; d works 
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into a ^ivot not seen in the drawinfi on the ffiEime nrbor 
as the crOM'n wheel ic, nnd turn them both. 5 mu! 3 
are the pallets. ^ * 

B b' is the clock work or striking part, the barrel 
containing the spring, v the catgut or chain, t the ftisee, 
g the ratchets and click, the same as in the time past* 
E the count wheel, l the pin wheel, m the detent wheel, 
n the fly wheel, z the fly and its pinion, i v o the detent, 
K the bell and s the hammer, y the spring for driving 
the hammer against the bell on its being disengaged from 
the action of the pin wheel. 

The fortn^f the spring, and also of the fuse^, are 
nearly the same in a table clock as'in a watch, but the 
necessity of making the fusee of a conical form being 
much more obvious in snatch than a clock, I shaft 
defer entering into av description of them at present. 

Clocks are generally found to lose in summer, and gain 
in winter, from the expansion of the penduluip rod by 
heat, and its contraction by cold. To remedy this defect 
astronomers are accustomed to apply tc^vtheir x;locks 
what are called compound or compensation pendulums. 
They differ very much in* their construction, but all de- 
pend on the same iwinciple, namely the different degree 
of expansibility of different metals. * 

The simplest and most elegant of these coiArivaiices, 
is the mercurial pendulum. ^ It consists of a steel rod, 
(see fig. G, raise, plate i ,) with’^bucket, b c, at the 
bottom filled with ^quicksilver, iir» pl»ce of a bob. 
Now the expansion of the rod e\«iliently lengthens the 
pendulum, but the quicksilver expan^g^ moi^ than the 
bteci, causes Uie fluid to rise in the Wket, which, in 
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ia «^valent ^ bo^ or abovtM^ iH 

pmdalim. And tbi» bji duly adimiMg die fuiB«ty of 
quicksilver io die buck^ to the leegA of dMi m4, the 
expeenoureed oontiectiMr of die sleek s»d-.aKfciii 7 ere 
nuule to counteract eadi o^r } and die pandidwnh,.anA 
cnoaequently the docki to preserve an tMtfenn aaetien* 
With this expianaden of the wterieir of o ideid^. I 
think jm wtU find no dtfficidiy uaderslwading ^ ite 
reodons, bat you will derire greidJidiiniitageiif, with the 
knowlet^ thdc this letter affindi^ you uroidd eatt en 
your watch<iDaker, and requeit billi tndbowyDOtbe tne^ 
cbaaiaui of an oightoday dockt 
Isbatl now pve jmnsfaevtfeoewt of conabiiet 
tion of watches, wbish 1 adreie jiott to reeii not only, 
dijtb the aocorepaag^ figunki*. but tim with die owiIl 
of year o«i watch atandiag. open befon ym 
Watchea, aa iaettsw <dQcks,.aKer«oaipe<od of 
and pinions,. witb nragiijbikir ke«di»et.ibe 
the wheeif, and of as|>ring widehi«»ak 0 »mcatetaMtieai 
to the iivbhle*^. The regutmee afMl.s|wisg of e weleb; are 
iofiaipr to he peadnbsnt ef ndoch. Instead 

of a peoduluim there is the belenoe b, (fig. whioh 
regulates the motion of a watch } and, m place a> 
we%ht, a spring, such as fig. ehidb is enclosed k 
tbfr bon, and a serves to gve motion to ke wheela and 
balance. 6&, represents the kiside of a watch after 
the (dree is|;.ken off.} a is the barrel whkb cock 
tains the sprt^} &!°«nd of die chain is fisad to dio' 
kwrel a, fig.fi9; it^^ben rolkd round it, and tfaeodier 
end is fastened to ksee B. 

When the ureteh is wound up, the dnin, wbkh was 
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tic apriogi ill ibe 

nor eHd of. lbd'Spmg^t|> fixed to4& H 

ebmit which lli^ itno^ 

of idle liptihg.ii.fii|edici d^ mide of lliid bxffifil, mhiiGh 
tufim upon eo .«»».. ^n^adil}!' 

oiive hdw llie.^itig etteads Ufelf^ howkxelasticii^fi^ 
ces the ibilitBl foiiridi eixi ObHgeiklhe cbaiti, wbicab ie^oe 
the fitiee, tm ooftddi'JXMl m ite Hiotio|D| lo give ondtioi 
ako lo ifa^ fiiwe*. The motiow^of 4be fitiee is coioiKiUir 
mcatcfd to dbe wheel Oj Iheaceio the pinbn c, which car^ 
ries the whed o; diis moves the pimow'd,. whidecar^ 
lies the wheel x; Ihkb sgaio, turaetiiezpmioii e, which 
csnies the wheel w, sod pves motioii to die pinion 
upm wltich is the balsnce wheel o» which gives modox 
to H. 

It is evident that the hour hand turns twelve times 
slower than the miiipte hand k,. becaiwe the pinion of 
twelve^ on the spindle df the :^niiiitite band turns die 
whed S| of 4B teeth ; iberoforei the motion qf s is 
(If^) 4 times slon^ tbaitahe mtmite^and, but the 
pinion of s, of I6 teethe turns the uheel of 48 teelb^ 
and of course the motion i is (|f =r ) 8 times slower tkm 
that of the pinion^ or dmn that of the wheel s, and 
3X4=12. 

1 must now shew to you how the balance is made to 
oscillate iu a certain time; so^ns to fcgekte the gcupg of 
thewgicb. 

The pendulum of a clock has in Ja nature a principle 
of ro-actioo; for no sooner has it smug h>«a ceilain 
height than it rettirm by the mere of. gravily 
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^ balftnce of a wMi 

medy ^ 4ef<^ IK^ l^.«iae eod 

to die wife of ^ indglBee m rrprfipi^ih %i,'T>j mis- 
odL plate’!.' the; ellier tteiiqc te Jie fiame* 

woilc. Urom the ’ <eM8&%' 

ewii^fhtg'fe^ ^ «i|ier.t^ ^tiaaf- 

fident dwtanot for ibe fadled^ the 

bahnce iua a teodeik^ iam^iliateiy ^ reUini 

back towadb itt jproper pothtof latt faetvaeen die two 
escafMiaeiita^fia adikdi podtkw kwoiatd Msttfo af- 
ter a fear aedilaiioDii, wea ll^ aitkke^^^^ awdiio by the 
actkn of the bilaactt wliee} «i|i^'dM 

It is upon a mee adjtutment of fhis part of the work, 

' and a due proportion of the stiet^di of (hO taaiti to the 
'balance sprnigt that Ae accu^ite going of a watch j^in- 
cipally depends. ' 

Hie force balance spring may be cousidered as 
constant, but t^t of the main spti^ is obviously not so, 
being iiiuds Mronger when first wound <q> than when 
iieariji dbwa. To eowpenolde this inequality in the 
moving powtO', 'die fuaee is.ait Into a cowcal form, di. 
mtnuhing toboRoniit.. B|yllm numns the chain 

acts upmi a sbortw lever, when ipring is wound up, 
and upon a longer one when it is down ; so as to regu- 
late the unequal action of the asain spring to a {perfectly 
regular upon the wlied-work. In chronometers, 
whi^ mwoidy t gme accurate sort of watchiMi, the ba- 
lance inttead of an intire circle, is made wi^ a di- 
vided rim, compo^of twodifierem metaii) tw^ or sol- 
dered together, m fig. 4, plate i. The dt^vf tbk 
mgewous contrhimoe 1 wiH now expUin to you. 
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cold* fn lfa» |ir<op^ty, line 

a watoh is krgci' iit ftiosiiier thail 4^ 

largement 6f die balanoei tins $im k 
the centre tndlioiii aideiinseqiieiillj hns to pm lliieiigli ^ 

an arc of a larger ctrele fl»m before; im ^be foite^ 
the Apring remains the same^ and iherefme the bahnce 
iirill be longer in performing its oscUlatidns^ and the watch 
wHl go slow*er. 

Hie dmded rtfn ab,ui, as I jnsl nS^ebserved^ is 
composed of tiro metalsi of very nneqpial exj^nsibUity^ 
(commonly brass and stedi,) soldered or rcm together; 
the most expansible metal being placed outwards. 

Jn C0nse<{uenoe of this arrar^^ement of the metals^ ^e 
arms a a b, became more bent by eii^nsicin, which 
carries the balls b^ b, nearer to the centre^ this serves to 
correct the expansion of the radii ca,ca, which evidently 
lias a tendency to carry them further out ; noiv siuce the 
principal matter of die rim lies in these biitls» it is easy 
to see tliat by duly propordomiig the of the arms 
a b, a b,U^ that of the radii a c, a c, the balb may be made 
to preserve a precise distancp from the centre under every 
degree of expansion, atid thereby the vibrations of die 
balance be rendered perfectly isodirooah 

Chronometers abo differ from watches in awotbervei^ 
striking parltcular, liariag what are com^cM^lj^cafied d^ 
tached escapements ; but ihesc are various, and 
rally so extremely complicated in form, as 10^ tas* 
intelligible without a reference to i^dels, or |0 
tailed and accurate drawid|^ Suffice it 
that the object of all ihme contrivmktb 



MICHANICS. 


iOO 

iinpiilse on the balance fnaa a taradnued iMCsiwe t>f the 
teeth of the balance wbeel on the pallets to a motnen- 
taiy iap, nod tbereiqr to femove^- as much as possible, 
the enon arising sfron any variatioa in (he force of the 
tnoriag'posrer, or 17080 wregnler hriotioo, occasiooed by 
the unequal lubricity of ^6: oil required for greasing tfae 
madtine. - 

Clocks and watches areof modem inmitiou, end you 
will naturally adc wbat expedients were used for the jrar-< 
pose, pre^icttriy to^e introdnctioa of these tneful ma- 
chines. You wn^y indeed, carry your eaqiuries Mitt far- 
ther, tnd ask what is time ; aud how an tbe usual divi- 
sions to be accounted for ? 

1 cannot pretend to satisfy you as to what time is j 
the philosophical poet asserts that 

Time, of itself, » nothing, bat from thonglit 
'Eeeeives it« rise ; hy Inboitruig ^ncy wroaght 
tbingjs considered, wiiiUt we tliink on some 
As present, some as past, or yet to come. 

Np thought can think on time, that’s still confect, 

But thinks on things in motion, or at rest. 

Heoce lime is noticed by a succession of events, and 
it is measured by some uniform motions. By means of 
the common boui'-glasH the motion of tbe sand marks 
out tbe hours of the day, so long as it is attentively and 
accurately turned when one end of tbe glass is emptied. 
Upo n o-simdar prinj’ple water was used to measure die 
lapses of time, and machines, out of which it flowed, 
were called clepsyd| e. After these, sun-dials were in- 
vented, which marked the times by the shadow of a style 
or staff, which shadow moves round with the apparent 
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motion bf tho sun, and wkh tim real motioii of the 
earth, 

The motion of the earth is the most equable motiot* 
in nature, and the period of its resolution is divided into 
24 equal parts, called hours ; t)m is Uie cause of the 
divisions on clocks and vratches being 24 in Italy, and 
12 in this country, and most other places, where, for 
convenience,: the 24 is divided two twelves, TRie 
division of the hours into 60 minutes, and the minutes 
into 60 seconds, is used likewise for convSirience, because 
the Butnfoer 60 is divisible by many other numbers with* 
out a remainder. ^ 

It is agreed by all nations that the twelve o’clock hour 
should be when the sUn Is on the meridian, that is, when 
it is on that line tl^t passes North and South over olii^ 
heads, and hence you see the reason why clocks and 
w atches are faster or slower in some countries than in 
others. Because, if you turn ^o your globe, you w'ill 
find that Pfiris comes sooner to the meridian than Lou- 
don, and London comes sooner to it thaq li^on, but it 
is xii. o^clock in all countries, when those countries 
come to the meridian ; therefore the clocks at Paris are 
before the clocks at London, and those at Lisbomare 
behind those at Loudon. 
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Tlie-Scieucei of Hydrostatles and Hydraniics deiin^d and UUistrated 
— Flujda^ bow delinedr-Fiaidityi catise of-^DifiVrence between 
Fluids and liquids explained— Orai^ty of Fltitds Hlnstfatcd— Ex- 
periments— How te^ is tnade lb swfm— Hydrosfafical Paradox 
— Dd^rence between Gravity and Preasure explained— Hydro* 
statical Bellows^ 

k ' * > .■ 

Having dismissed the science of mecbauics^ I shall 
proceed to hydrostatics aod hydratflics; which are of 
great importance to the comfort and convenience of 
man. 

Hydrostatics I real of the nature^ pressure 

and motioiji of fluids in general* and of the meliiods of 
weighing solids^ii them* 

llie science of hydraulics relates particularly to the 
motion of water through pipes^ conduits^ &c. and in 
this sense it will appear to be of the utmost consequence 
to the wants of life, when we consider that on its prin- 
ciples depend tlie structure of pumps^ fire-engines, 
pipes £::ia^oiiveyiiig^vyater from one place to another, 
and canals, ou which much of our inland commerce 
depends., \ 

In a more strict sense> the science of hydrostatics, 
treats of the weight and equilibrium of fluids at rest, 
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and tint of hydraulics considers the of fluids in 
motion^ that is^ when the equitihriutn is destrojed. 

A fluid is a body whose parta yield to the smaltest 
force impressed. There are two kinds of fluidsi vk, 
those w hich are elastic, as atmospheric air, and the dif- 
ferent gases, and those which are non-eliutic, as waterif , 
oil, mercury, &c. It is with the latter class, or rather 
with water belonging to this class, that we are now par* 
ticularly concerned. 

Philosophers faai^e usually assumed, ihejre beii^ no 
direct proof of the fact, that the, particles of fluids are 
round ami smooth, since they are so easily moved^moi^ 
one another. This supposition will acctmni for some 
circumstances belonging to them, with great ease. If 
the particles are round, there must be vactmt spates be- 
tween them, in the same manner as there are vacuities 
between cannon balls, that aTe piled together ; between 
these balls smaller shot may be placed, and between 
these others still smaller, or gratel, or sand may*be dif* 
fused. In a similar manner, a certain ^quantity of parti* 
cles of sugar can be taken up in water without increasing" 
the bulk, and when the w ater has dissolved the sugar, salt 
may be dissolved in it, and yet the bulk remain the same : 
now admitting dial the particles "of water are round, 
this is easily accounted for. j 

Others suppose that the cause of fluidity is in the 
want of cohesion of the parlicles^of jwrater,*mr; and 

* Tlie ittgenioas experimeats of Mr. Jacob Perkins Retailed m 
the Pbilosopbtcal Tmimctiaiia for laso/ put the compressibility of 
water beyond all doubt, and to a suspicion that there is no 
mbstance in nature but what is capable of being compreiSed. 
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from tlib imperfect eohewii^ fluids in small quaatities^ 
and under peculiar circutlistances, arrange themselves in 
a spbefscal manaery and form drops* 

Althcj^i^ air, steam, and the various gases, are fluids, 
as well as water, wine, oil, tnercur}', Sic., 3ret to distin- 
guish ibemji Br« Young, and other philosopliers, de- 
scribe them in the following mamier : A fluid which has 
no immediate tendency to eapatul when at liberty, is 
considered as a liquid z thus water, oil, and mercury, are 
liquids ; air,- st^am, and flie gases are fluids ; the latter 
may be denominated elaslic fluids, and the former non- 
elastic. With water, one of the non-elastic fluids, we 
are now^ chiefly concerned ; it is subject to the same laws 
of gravity w ith solids, , but on account of die less cobe- 
MVe power of its parts,, there are some peculimritxcs re- 
specting water, which do sot atladii lo soHds;^ Theparts 
ot a solid are so connected, as to form a whole, and 
iheir effort is, as we have seen, concentrated in a single 
point, caliedi the centre of gravity; but the parts of a 
fluid gravitate independenlly of each other, and it is on 
this principle^ &at the surface of a fluid, contained in an 
open vessel, is always level, or parallel to the horizon. 

It was formerly Supposed, that the parts of fluids did 
gravitate upon each odier; or that water, for in- 
stance, had no weight in water ; not that it was ever 
doubted whether water and other fluids had weight, when 
eonsicfefeJTy ihemseives ; but it was imagined, that they 
had no weight, when immersed in fluids of the same 
kind. In proof of which, they said, that a bucket full 
of water, at the bottom of a well, was drawn up with- 
out dilBcnUy tiH it reached the surface, and it was then 
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that ks weight began to be Alt. Iti oppo^i^to thb, 
I will describe 'M “ ■- ^ ^ — 

£xpi:KiMpNT.*^l4 Se^crNl fteto a bkleo^^ m 
empty phial^ corked and loaded with to ik^ 

in water; and ait the dther endof toe bklatide, 'toe 
phial and lead be ccttotet^ised with ah ^lal WiSgli^, 
when k is iiftotersed 4ii toe water. Whanr sifi is ida alafe 
of equilibria, let the {toial b^ nnitoflfed, and 'lht^ Watof 
will riisli in and fill the phbl, and the equHibnum is 
stroyed. Now if the pWaitJOiHwW eight Wu^cei of water, 
it will fciquire eight ouneesto be put ib the other scale, 
to ms^e toeiri baiinee ' one another, which proges that 
the water, in the phia}, loet none of its weight by beii^ 
surrounded by a fluid of the same kind. 

You will, perhaps, mk how We account for toe ease 
with which the bucket is dra#s up torOugh the water. 

Fluids are possessed of this property, toey press 
equally io all directions ; not only in common with solids, 
perpendicularly downwards, but also upwards and side- 
ways ; and therefor^ it is by the upward pressure of toe 
water in the well, that the bucket so eaUly ascends ; for 
the water in the bucket, being of toe mtne weight with 
that in the well, a small force in iKldition to the upward 
pressure, will cause tlie bucket to ascend. You will, 
perhaps, be glad to make jsome experiments, , to demon- 
strate the upward pressure of fluids. 

Ex. 11. Take a glaw thbe, half an inc!ft’*br lOore in 
diameter, open at both ends ; ;stop one end with your 
finger, and immerse the c^ber perpendicularly in witW; 
While the upper end is closed, the water captiot rise but 
a few inches, because the air wiihm prevents toe ascent 

F 3 
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of the water ; but if the be removed; the aif will 
escape, and die wafer will rise in the tube to the same 
level as k is' b die vessel, being. |>reased upwards by the 
surroundu^ water. 

Ex. ni. In a bended glass tube, a b c, (plate by* 
drostatks, fig. 1,) 1 pour some aand, and .when the bot- 
tom part is filled, whatever poured in afterwards, wilt 
stand in the side of the tube in which it is poured, and 
uot rise b the other aijib ; because by the attraction of 
gravitation, ail bodies, have a tendency to die earth, diat 
is, in this case, to the lowsat part of the tube ; but if the 
sand ascended in the other aide of the tube, its motion 
would be upwards] or from jdie centre of tbe earth, 

£x. IV. Pour out the sandp and jet water be put in it$> 
place, and it will be seen that this is level in both sides 
of the tube, proving that with respect to fluids, there is 
a pressure upwards at the pointy B, as well as down* 
wards* 

Ex* V, Take a tube, open at both ends, and ground 
so flat at the boUom as not to admit u ater ; I place it 
in a vessel, and hold it dow^n firmly while I pour water 
round it : fitting close, no water gets into the tube, but 
the moment 1 move the edge,, though ever so little, the 
water ascends, which it must do by the upward pressure 
alone* T^e experiment would not succeed with sand, 
w'hicb has no upw^ard pressure. 

Froui llw property^ we learn the piinctple of spout- 
ing fluids; if a hole is jiorCd in' tbe side of an. upright 
pipe filled with water, Uie fluid will spout out, which 
shews the lateral pressure, and this pressure t$ so much 
greater, in proportion as the hole is farther removed 
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fromnhe surface ; that is, a hole S feel betow Aii sur- 
face of a vessel of water, will throw out hitfie sikie time, 
much more wateri than oiw only a single foot hetbW* 

As fluids press equally in all directions, k follows; 
that the bottom of a vessel Sustaifis (be pressure of a co- 
lumn of the fluid, whose base is the area of the bottom 
of tlie vessel, and whose perpencBdilar height ia equal to 
the depth of the fluid. 

Ex. VT« in the vessel a b, (lig, 2 ,) the bottom c B; 
does not sustain a pressure equal 16 tbf udiole quantity 
of fluid contained in the vessel, but only of a column 
whose base is c n, and height eg; the sides A|JS, c 0, 
he. sustain the other pressum. , But in a conical vessel, 
F G H 0 , (%. 3,) the bottom g h, sustains a pressure 
equal to what it would, if the vessiel were as wide at the 
top 1 * 2 , as it is at the bottom g »; 

Ex. vn. The lateral pressure is shewn by the fol- 
lowing experiment: a b, (fig. 4,) is a vessel filled with 
water,^ having two equal botes, a 6, bored with the 
same tool, one at the side close to the bottom, ^nd the 
other at the bottom itself : if these holes are opened at 
the same instant, and the water suffered to run into two 
glasses, it will be found, that at the end of a minute,, or 
other portion of time, they will have discharged equal 
quantities of w^ter ; a proof that tlie water {wesses side^' 
wavs as forcibly as it does downwaids. 

Hence it is clear, that lluids press equally in every^ 
possible direction, provided the perpendicular heights 
are equal, which may be shewn by another mbihod. 

Ex, vnit At the bottom of a tube, two or three 
inches in diameter, and open at both ends, ^ a piece of. 
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biitddei*, und pom in 9 oine water; nay six inches in 
faeight ; the bladder will now be convex or bent out* 
wards;' dip it in a vessel of water, bolding it still per- 
pendkniar; when immersed two, thr^, four, or five 
inches deep» the bladder mil be still convex ; but when 
it is six indbes below the surface, then it becomes fiat, 
because now the perpendicular depths being equal, the 
pressure upward is equal to that dc^nwards; and the 
water ;>in ihe tube is exactly balanced by the water in the 
and if the tube be pressed farther down, the bladder 
wifi become concave or bent upwards, because now the 
wnter ip the outer vessel being deeper than that in the 
titbe,.tlie upward pressurea becomes greater than the 
downward ; for the upward pressure is estimated by the 
perpendicular depth of the neater in tbe outer vessel, 
measured from the surface to the bottom of the tube ; 
but the pressure downwards, is estimated by the height 
of the neater in the tube 5 the former, therefore, being 
perhaps 8 or 9 inches, and the Jailer only 6, is ib^ cause 
of the hladHcr being forced uptvard^. 

Upon the principle of the upward pressure, lead or 
other metal may be made to suim in water: let l b, 
(fig* 5 ), be a vessel of water ; ind a A h glass tube, open 
throughout : * is a string by which a flat piece of lead i 
of an inch /hick^ is held fast to tbe bottom of tbe tube, 
to prevent the water from getting in between the lead 
and the gta^ In this situation, if tbe tube is immersed 
in tbe Vessel of vrater to about three inebea depth, the 
string may be let go, but the lead will not fall ; it will 
be kept adhering to it, by the upward pressure below' it. 
The lead being about 11 times heavier than water, and 
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th^ thtee inches btfhig eleven iinate tb^ ^ckness of the 
lead, is the reason why that depth Is ^xed' OO. 
iron been used, the depth must faaVe been Ic^ dbui 
inches, because ir(ni is 7 or 8. tihies heaver 
and if tl>e plate had been of gold, the depth to whidh it 
must have been plunged, would have been hearly 4 
inches, because gold is (8 or 19 times heavier than 
water. Sometimes it is necessary to put a piebe 
moistened leather between the metal and glass, , inltv 10 
prove diat tho'leatber has no effect wbaievpr.hi the stlc^ 
cess of the esperim^t, if the tube be dravrn up an ineb 
or two, and the siring suffered to be free, it wilHall off 
immediately, because the upward pressure is then not 
equal to the downward, and cannot oppose the gravity of 
the lead, and it falls off of course; 

There is in this scieoce, an axiom perfectly well iseer- 
tained, though denominated the hydrostatical paradox, 
and it is of conuderable importance in hydrostatics ; it is 
this, that a quantity of fluid, however small, miay be 
made to counterpoise any quanfily however We 

know, that in solids a lb. will only, bidahce a lb<, and a 
hundred "Weight an equal wei^t ; but in fluids, a pint 
may be made to balance a hogshead or a tun. 

Ex. IX. If a wide^vessel A b, (fig. 6), containing 
any quantity, as a gallon or a barrel of water^and a tube 
c p, however small, attached .to it at x, then pour water 
into them, and it will stanu at the same height in both, 
that is the pint, or perhaps tea^cup full of water in c x, 
will balance the gallon or barrel A B x. See more on 
this subject, in Scientific Dialogues, vot 111. Conver. v. 
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£x. x. Let A D B o, (tig. 7), represent a cj'lindri' 
c«t vessel, filled with water to a, to the inside of which 
is Btted titt cover c, so as to slide up and down, but 
not to admit ^ water to pass between ils e^es and the 
surface of the cylinder. In the cover, » cemented a 
^mall lobe, v c, open throughout, communicating with 
the water beneath the cover £. Now, if a pound weight, 
Jr, be placed on c, the water will rise in the tube, as 
high as. E, and if another pound be added, it will rise as 
high as 7, and fo on. Here it is evident, that as there 
was an equilibrium before the weights were placed on 
the cover, the water in the tube B c, which weighs only 
a few grains, is an equipoise to a pound. In other 
words, the column £ c, produces a pressure in the water 
contained in the cylinder, equal to what would have 
been produced by the column a a d d ; and as this pres* 
sure is exerted every way equally, the cover will be 
pressed upwards with a force equal to the we^ht of 
A a d D, for if the weight were removed, aod the space 
ad D A, filled with water, it would stand no higher than 
& in tbe*lube ; CMasequently if the water contained in the 
space ado A webbed a pound, that small quantity in 
B Cj would sustain a poupd also. The same thing might, 
be proved of other weights and beigivts. 

Hence it is inferred, that the pressure of fiuids of the 
same kind, Is always proportional to the area of (he 
base, nuiluplied intp the perpendicular height, at which 
the fiuid stands without any regard whatever, to the form 
of the vessel, or the qtuuitity of fluid contsuned in it. 

The pretsure qf fiuids, differs from llie gravity or 
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mighl\ in ibis ; the wtigkt is according to the quantify, 
but the prmure ia according to Hit p&ftettdkid^ height, 
Ibe hydrostatic betbwa is another instriiineat, . to 
shew that a very few ounces of water wBt lift dr soi^lo 
a large weight ; it is niade like a common belbws, <^y 
without valves at the bottom. A smalt tin-pipe eo/ 
(fig. 8), communicates with the insidef of the bellows 
qp; the upper and lower boards xz, are kept close 
together by die vmight w ; but they are hot so very 
smooth but water may kwinuate itself dietweeii diem : 
and if water, perhaps half a pint only^ be poured into 
the tube e o, which is very small, it wdl sepagtte the 
bellows’ boards and raise them, notwithstanding the 
weight, as high as z, where die water stands in the tube. 
If the tube were longer and smaller, the same (quantity 
of water would raise a much larger we^t. If Ae bel- 
lows’ boards were about 12 inches in diameter, and the 
pipe eo, three feet in height, then water poured in so as 
to stand at e, would sustain on the board x, a weight 
equal to 144 pounds nearly. • ^ 

By increasing the length of the tuflh, the pressure 
may be increased to almost any extern, so as to burst 
the strongest vessel, and it is said j diat a strdt^ caskyvas 
split by fixing in it a tin tube df twenty feet in length, 
and then pourii^ water into it, dH it had fii|pd the cask 
and tube to within a foot of the tube. 

It may, at first be difficiflt to conemve how this pres- 
sure acts with so much force; but the water at o, u 
pressed with a fwce proportional to die altitude eo; 
this pressure is communicated horizontally jn the direc- 
tion opq, which acts equally ia all directioiu : the pres- 
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sure^ therefore, downwai:dii, upon the bottom bpard z, 
and upwards on die higher board x, is precisely the same, 
as if the whole space nqpr^ were a cylinder of water. 

I cannot do belter than conclude this letter with a de- 
scription of Mr. Bramah s hydrostatic press. This inge- 
nious machine consists of a large cylinder a. (See fig. JO, 
miscell. plate), having a piston B sn accurately fitted as 
to move freely upwards and downwards, but without suf- 
lering atiy water to pass. Into the bottoni of this cylin- 
der is insertedTlh^ bent lube i>, having a valve at c for 
admitting the w^ater into the cylinder, and hindering its 
return. The tube j> communicates at its other extre- 
mity With the forcing pump b, by means of which the 
water is forced into the cylinder a. Now, the force of 
the water to lift the piston b will be to the power re- 
quired to drive the water through the forcing pump b, as 
the square of the bore of the fpriner to that of the latter ; 
and since the two bores may be made in any proportion, 
it is evident there is no other liinit to the power of this 
engine than the impracticability of constructing cylinders 
of imoleusely gr^t, or eadiremely minute dimensions : 
for instance, 

Let us suppose the cylimkr to be ^'inches in bore, 
tbe pump £ inches, and the power applied to the pump, 
including the advantage gained by the lever handle, to be 
equal to ^0 lbs., then the force on the piston b will be 
— 5000. • 


For 2* : S0» : : 50 : 5000. 
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letter XIV, 

Of the specific gravities ef Bbdieft^Bosr diteeferad^I^rbitatidll 
Jftahmce explained — Tb fiad the spedfie greWtp ef Solids heavier 
than Water— Of those U^^ter than Water— Of Fluids^ &c,— Ttie 
dtmclaro and l^hcfples of the Hydrometer explained— Table of 
Specific OtV[vtties^Air«ba1loono— Bivihjji^benm 

Yod heve seen, dehr sir, that lead may t{p madb 
to swim ill \i*atef* ; it would, hoitiNEiver, liatorelly fall to ^e 
bottom of any i^essel; bill Wood will of itself swiib. 
’^The subject of this letter wiH tc4A ydu the reason of 
this diflTereiice, which attaches to difFeredt bodies; some 
of thefe« are specifiealfy heavier than others. 

Those bodies that are heavier than witer Will sink m 
it, but those that are lighter Will swim. This penny 
pieec, thrown into water, sinks, because it is sev^ titdes 
heavier than an equal bulk of water; ztiS a p'iece of iir, 
of the same size, will swim on the surfkce, because it is 
not much more than half at Heavy ia an e^ual bn!|^ of 
water. 

By the specific gravitielf’ df bo^eis is yieant tlieir 
relative weights which eq^t' bulks of dljfferent bodies 
have to each other. To ascertain tlje specific gfavides 
of substances iii general, there biust, of necessity, be a 
common standard, which is usually water, and by weigh- 
ing bodies in this fluid their specific gravities are found. 
The method of ascertaifijog the specific gravities of 
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bodies was discovered by Archimedes. He had? been 
employed by Hkro, king of Syracuse, to investigate dte 
texture of a golden crown, wbidi, be suspected, had 
been adulterated by the workman. The philosopher la- 
bofired at the probleai in v«n, till, going one day iotu 
the bath|, he perceived thin the water rose in the bath in 
ptopordbn to the bulk of bis body ; he instantly saw 
that any other substance of equal size would have raised 
the water just as rmudi, though one of equri weijd>t and 
of less bulk could not bare produced die same effect. 
He immediately felt that the solution of the king’s ques- 
tion was within bis reach, nnd so transported was he 
with joy, that he leaped from die bath, and ran naked 
through the streets, crying out “ Eufuiita’’ — “ £ 

have found it out,— I have found it out !” He then got 
two masses, one of gold and one of silver, each equal in 
wei^t to the crown, and having filled a vessel very ac- 
curately with water, he first plui^ed the stiver mass 
into it, and observed the quantity of water that Aowcd 
over ; be then did the same with the gold, and found 
that a lUss quantity had passed over than before. Heurc 
he inferred, that though of equal u eight, the bulk of 
the silver was gr^er than diat of the gold, and that the 
quutity-of water displaced was, in each experiment, 
equal to the bulk of tbe metal. He next made a like 
trial with tLe crow n, and found it displaced more water 
than the gold, and less thaii tbe silver, which led him 
to conclude that it was neidier pure gold nor pure 
silver. ^ 

As a body, immersed in water, will sink, if it be hea- 
vier than its bulk of the fluid, so, if it be suspended iu 
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it, it viiOl lose as much of what it weighed hi wr as its 
bulk of die fluid weighs. ' ' 

Experiment I. This iron Weighs whenhalabced 
ill the air, weight exactlj 16 oiitices, bj m^s of the 
liydrostatic balance, flgVQ; t suspend it in a vessel <d‘ 
water, as at x, and it weighs less, to ibaitdi le^p as the 
weight of a quantity of water equal in b<ilh to ^iroR 
weight. 

Hence all bodies of equal bulks, which would sink in 
fluids, lose equal weights when suspended v> ihe^n, and 
unequal bodies lose in proportion to their bulks. 

The hydrostatical balance differs but little fr;^m die 
common balance; tbe book at die bottom of the scale 
z, is intended for the purpose of hangii^ the substances 
on, which are to be examined ; the thread, atbiched to 
the Iiook, is made of silk or horse hair, die latter is the 
most proper substance as it wilt not imbibe moisture. 

Any body, x, whose speciflc gravity is required, thus 
suspended at the scale t, k first to be counterpoised in 
air by weights a*, in th'e opposite scale, and then ini> 
inersed in water ; die equilibrium wilf be destroyed, 
which must be restored by placing other weights into 
the scale z. 'fhe weight, which restores the eqqili- 
briuin, will be equal to the weight of a quantity of wa- 
ter as large as the immersed body, and if thg weight of 
the body in air be divided by what it loses in water, the 
quotient will show bow much heavies that body Is than 
its bulk of water. 

Ex. II. This piece of iron weighs to air Sox. lOdr,, 
but when immersed in water it weighs only Sox. 2dr., 
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tliKt is, it loses %dr. of its weight in water, tfaerdfore its 

dr. dr, 

specific gravity? is .2^ =^=7.25, or 7i times heavier 
thm water. 

£^. 111 . Take a guinea, which, in air, weq^s 129 
grains, ^ut m the situation, x, iu a jar of water it loses 

of that weight 7i grains, and gives 17.793 

for its specific gravity^ or it sliews that the metal of a 
guinea is almost eighteen times heavier than water, ^ 

By this metlTod the specific gravity of any solid sub- 
stance^ that will sinlc iu w ater, is easily found ; the rule 
is this,'.^^ first weigh the substance in air, then in water, 
and divide the weight in air by the loss in water, the 
quotient is the true specific gravity.” 

Ex. IV. A piece of flint glass, weighing ounces 
in air, will, when suspended in water, weigh only 8 
ounces^ that is, it will lose 4 ounces of its weight, and 
w'hich is the specific gravity of tlie glass. In 
other words, a portion of water of a bulk equal to the 
bulk o£i the gla|8, w eigs 403 : , but the glass itself w eighs 
which is S times 4az., or the glass is three times 
heavier than w^ater. 

To find the specific gravity of a solid, which is lighter 
than water, requires a different process ; it must be first 
made to sihk in w'ater by attaching to it a piece of lead. 

Ex. V. This piece of light wood weighs 330 grains, 
to it I attach a piece of metal weighing S40 grains, 
which loses ,by immersion in water 25 grains. In the 
air^ the wood and metal weigh 570 grains ; but in water. 
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they will be found to weigh otilj 69 gaji|i9^ imd ^ Ifdneei 
from 570, leaves 501, the difference between the weighty 
of the substances in air and water ; but the lo^ bf |d>e 
metal in water, was 25 grains; therefore the 
wood was 501—25=^476 and give die decimal *7 
nearly ; which sliews, that if the specific grasriiy gf w^fer 
is 1, then Mint the wood is ^ <of i ooly^ as lit is 
known, that a cubic foot af water weighs 1000 oiwief!|S, 
so a cubic foot of this wood would we^ nearly 700 
ounces. ^ • 

Sometimes it is peceasaiy to &id,tbe: specific gravity 
of fragments of precious stones, or of iperciirj, 
which requires a third method* . Suppose mercury to 
he the sobject : o, 

Ex. V 1 . The mercury weighs in the air £40 grainsj 
this I suspend in the glass bucket x, wbicb was supk in 
water, and nicely balanced before. In the wpter, the 
mercury loses 17 grains, or weighs but £23 grains, and 
'iAj) — J 4 ^ nearly the specific gravity of the mercury ; or 
mercury is 14 times heavier tlian water."* ^ 

The specific gravity of fluids may be found by means 
of the hydrostatic balance thus : to the scale z suspend 
any heavy substance, as a lump of glass; first w'eigh^it 
in air, then in water, and lastly in the fluid to be exa-* 
mined. Then, as the loss of weight m the fluid to the 
loss of weight in water, so is the specific gravity of wa* 
ler to the specific gravity <lf the fluid; or more*TOXi<» 
cisely, divide the loss of weight in water by the lom^ of 

^ Thu subject is treated of mneli more at targe toAlie third vo» 
lume of the Scientific Dialogues. 
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in the fliud, the (|uoueot will be the cpeciiic 
gravity of the fluid, that of water bnng one, 

l^'or, findii^ the apeciflc gravitiee of fluids, the instru- 
meirt called an hydrometer is abo used* Tbit instru- 
ment^ (fig. 10), consists <of a copper ball sb, containing 
a few diot, or a little quicksilver, to keep it upright in a 
fluid, to which is soldered a flat brass vnre a B, to ad- 
mit of graduations; the instrullieut is placed in the liquor 
to be examined, ( and by the d^;ree nun-ked on the scale, 
its specific gravity is determined. 

Ex. VII. To find by the hydrometer, the specific 
gravity of water and siMiit of wine ; immerse the hydro- 
meter into vessels containing these fluids ; in the water it 
will sink to the figure 10, and in the spirit 11.1 ; but it 
sinks deepest in the lighter fluid ; tfaendore the specific 
gravity of the water to that of the spirit of wine, is as 
1 1.1 to JO. 

Hence the specific gravities of fluids, as estimated by 
the hydrometer, will be to each other inversely as the 
parts of the body immersed ; that is, the hydrometer 
always sinks tHe deepest in the fluid of flie least specific 
gravity, it is tlie same with any thing else, as well as 
thp hydrometer. 

Ex. viii. A piece trf veiy diy oak is neariy as heavy 
as water ;„Bccordiiigly if it be put into spirit of wine, it 
will rink beneath the surface ; in water « smidl part wiH 
be riiove the siixface, but iii mercury it will scarcely sink 
at all. 

The knowledge of tlie specific gravity of diflerent 
bodies will, explain the reason of the following experi- 
ments. 
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Ex*, IX. Fill tbe bulb *, (fig. 1 1), with jpoit wiDe, 
to ibe top of tlie Aem x, Bud tb«n fill A widb water; 
the lighter fluid will be alwajs upwards, and the wine 
being lighter than water, will ascend through Witar 
in a sort of fine red thread, tiU die watei' end wine bare 
changed ptacee. 

Ex. X. The small bottle A a, (fig. ISl, has a vety 
narrow necli, not more than ^e sixth of an inch in dia- 
meter; it is filled with red wirte; and then placed at the 
bottom of a jar of water, a few indiesVeeper than the 
bottle is high, and the ndne Will immediatei; begin to 
ascend and spread itself tike a cloud over the nwfaee of 
the water. . 

Ex.'xi. Let the bottle be filled with water, and 
then plunged whh the neck downwards, in a vessel con- 
taining wine, and tbe wine will take place of the water. 

Ex. XII. Since the lighter fluids will be always up- 
permost, several fluids may, with a iitde dexterity, be 
placed upon one another in the same vessel, as so many 
distinct layers; thus, in an upr^t vessel, ted oj^twdve 
inches h^h, and about three or four inc^ in diameter, 
1 can place water, and then on that, when the water is 
quite at rest, 1 place a piece of pasteboard, and innir 
port-wine on it ; the pasteboard may be removed and 
brought to the lop of (he wine* and on h ie«now to be 
poured oil ; afterwards, in the same way, brandy, oU of 
turpentine, alcohol, and najibtha. You will findlrythe 
following (able, that these substances are all in a regular 
gradation lighter than one another. 
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Table of Speeijk Oraoides of different bodies, dis- 
Hlled Water being 1 *. 


PlstiiM. 19JW 

Jhiregold i9M 

ISlMidftrd gold 17.48 

Kerciiry 

Lead lt.S& 

Staodard Silver. 10.40 

Bianratb 0.88 

Hkkel 8.66 

Cobalt.^..^ 7.81 

Cop|»^ • * 7.78 

Steel. 7.81 

Bar Iron 7.78 

Tin 7.80 

Cast Iron. • ^ 7.t0 

Zinc 7.19 


OlaM 

Sulphur. ..... 

Salphmric add 
Nitficacid .. . 
Muriatic add. 
Water 

Brandy 

Alcohol 

Naphtha 


S.OO 

5.00 

8.00 
1.60 
1.20 
1.00 
0.9^ 
0 99 
O.Bi^ 
0.70 


The ascent of air balloons is to be accounted for on 
b;drostati£al principles. An air-balloon is a bag of silk, 
or otl^ier light fnaterial, filled with indammable air^ or, 
as it is now called, hj^drogen gas, which is several times 
lighter than common atmospherical air. If the balloon, 


* Pistilled, water is faaad te be ef the same specific gravity in all 
parts of the world : a cnbical loot weighs 1000 ounces avoirdtipoise. 



THE mvur^^UBti.. 


m 


nitb aM its apparatus, be lighter ihftn an equal, bi^ik of 
common air, k wiUaseend pircokely as light wood, or a 
bladder of air woifdd ascend, when immersed in a4ub of 
water. Balloons are constructed differently, as with hot 
air, which, by farefacudn, may ha as light again as 
common air, but the principle already eaphitoed k ftiat 
upon which they all act. 

Lunardi was the first person, in this country* who as-* 
cended in a car, attached to the bottom of a balloon. 
It was m September, 1Z%I, he rose^at 2 o^etoch in the 
aftemooD, froni die Artillery^ Oround, near Mddrfields, 
London, by a balloon 33 feet m^diatneter, made of 
oiled silk, and painted ia stripes 4>f blue and red. He 
took'^witfa him a dog and a cal, and, being driven by a 
westerly wind, he travelled to Colliers Hill, about 5 
miles beyond Ware, in Hertfordshke, a distance of £5 
miles, in about hours. 

One of the last and most important exhibitious of this 
kind was by M. Gamerin, w^b,p ascended in the neigh- 
bourhood of Grofivenor square, to the height oL 8000 
feet, when be freed his car from the b^Ioon, and de- 
scended by means of a parachute, to which it was at* 
tacbed ; plate ii. fig. 10 shows the ascent of a ballocn, 
and fig. 1 1 the descent of Qarneriin by means of the pa*^ 
rachutet 

You will nabimUy ask bow k it possible tbH a person 
descending from so great a. height ahoidd be preserved 
by a parachute from being dashed to pieces ? 

We have already seen that heavy bodies, from the ef- 
fect of gravity, fall with a motion contfuttafiy accelerated. 
This is strictly true in a vacuum, and Would be equally 

G 
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SO lit rasped to bodies fallitig througli a resistidg me- 
dtumi vi'ere the resistance imiform ; but the fact is other** 
we, for resistance increases as the squares of the velo- 
cities* 

It has been ascertained by accurate experiments that 
bodies falling through the air with a velocity of feet, 
per second, meet with a resistance equal to about one 
pound weight for every square Toot of surface directly 
opposed to the mediittn. 

Now, according to what has just been stated, that 
the resistance increases as the squares of the velocities ; 
it follows, that double the velocity would give a re- 
sistance of four iKiuuds to the square foot, and one half 
of the velocity a resistance of only one quarter* of a 
pound. 

The weight of Garoerin’s parachute and apparatus at- 
tached to it was about -J: of a pound for every square 
foot of surface diiectly opposed to tbe air in its pro- 
gress downwards : so soon, therefore, as it bad acquired 
tbe velocity 1 1 feet per second, the resistance and 
weight exactly balanced each other. This, in effect, 
was equivalent to a cessation of gravity, and consequently 
life machine could <>niy continue to move with the uni- 
form velocity already acquired. 

The dtving bell likewise depends on h\dfostaticaI 
principles. Take a glass ^tuiUbler and thrust it into a 
vessel of water, with the moutli downwards, and in a 
perpendicular dll action ; by putting a piece of corL under 
the glass, you will see that, htmever deep you thrust the 
mubler, the water will only rise in it to a certain height, 
say ] an inch ^ the air which it contains may be so much 
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compressed^ but it will resist the entrance mf a greater 
quantity of fluid; and on this principle the diving-bell 
is constructed ; see fig. 13^ which is the representation 
of one invented by Mr. Adam Walker. The balls at 
bottom are made of lead, and sufliciently heavy to sink 
the whole apparatus ; it is let down by means of the 
rope and pulley x, fastened to a beam i, in a ship. A 
bended metal tube c 6, is attached to the outside of the 
machine with a stop-cock a, which the man within the 
bell may turn when he pleases : dc is leathern tube 
and pump, so fixed in the sMp as to supply the diver in 
the bell with plenty of fresh air. ^ 

By contrivances of this kind (though there are various 
sorts of diving-bells) the bottom of the sea may be ex- 
plored, and lost goods recovered with as mncli safety 
almost as on land. 
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LB^;gE ,„XV; 

^ ' 'f \ ' 

Hydi«alin<-W ffoMHOf 

apintt tbe iMa of • wi ^; v^ ayijyto, or mt()^«^llli->The 

I SBALi. ao«,,{>nieeed to tqrdpolica, which teach 
ai how to ea^^te sw^ineas ai^i^ force of fiuida 
in modon. In a former I abdwed yon that an 
open maad, £fled with water, and wtdi two eqoal hoks, 
at tbe hottom, and on die nde cloae to the bottom, 
wonid qiout equal quantities of water in equal times ; at 
tint ^ eekK^f oC the water is tbe greatest, and it de- 
creases in strength as it continues to-nm. By hydraulics 
we {x^ out die reasmiiof this, mid (how bow tibe velo- 
city and quantity a! die %id is to be meawired. *I%e 
ruk is this. 

It widi which water iponts oot at a bole 

in t^ nde # l^om of a vessel, iS: as the square root 
of the dqitil or distance of the hole below the ttirface of 
the water." 

Tk» rule is tbe result of dW pressure of fluids against 
(he sidm of b vessel, which pressme increases against 
lll^lhcle s^ of the vessel as die aquerc of ^ depth 
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of the veasel, wWcb k proved by die iiwet •Bttiitte xe- 
periments. Of course, to mefce double tbe ({undity of a 
fluid run out thr«)t<gb.4Mii! bole |Ui tbroun^ ndotbtr of tbe 
same atee, it will requiio four ^e» die preAMfe, eoil, 
therefore, the aperture hiiust be made at four times the 
depth of the other beiost tbe surface of Ae Mmter ; and, 
for die same reason, to obtain three times die ifpian- 
tity, the aperture must be nine times the de|i% of the 
other. 

ExpsaiMCMT I. Let two pipes, of Iqvel beies, hk 
fixed in tbe side of a vessel, one fonr times m deep be* * 
low the surface as the other, and, while the ffipes run, 
tbe vessel must be kept coiist^itly full, and dien it will 
he found, that while dif upper pipe gives out one pint, 
tbe lower one will give out a quart. 

Ex. n. You will easily perceive that the presstnre of 
fluids follows the same law as that which governs 
bodies ; suppose abed, fig. 1, plate II. Hydrostafic^ 
to be a cubical vessel filled with water, and, the side fi 
c, to be accurately divided into a number of ei;^ patts ' 
by die lines 7, 1 ; 8, ft; 9, S, &c. ; now, if tbe pres- 
sure on the upper diwsion of the vesml a h 17 be equal 
to one ounce or one pound, that on the second wifi be 
equal to S ounces or pounds, that on the third will be 5 
ounces or pounds, and so on<; that is, the'pressore on 
cnch part of tbe side follaws the odd numbers 1, 3, 5, 
7, 9, ice., therefore, die pressures on the vrhole side tap 
be as tbe squ|re8 of tbe depths ; for, if tbe pressWU «ii . 
the first space he 1, and on the Second 3, dUt |atdsiii« ' 
on die whole wiU be 4, the square of ft, ' And sb of die 
rest. 
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Such; tbcii; is the pressure of fluids against the sides 
pf a vessel ; the pressure on the bottom of a vessel, if of 
a cubical shape, is equal to the weight of the fluid. 
And as the pressure otf any one side must be equal to 
half the pressure on the bottom, provided the sides and 
bottom are equal, therefore the pressure on the four 
sides and bottom of a cubical vessel will be equal to 
liire^ times the weight of the fluid. 

I will consider the pressure of fluids with regaid to 
their motion through pipes, which is subject to the same 
law\ We have seen, that if a cock be placed at 1, and 
another ;qual cock at 4, double the quantity will flow 
out at the lower one to what will proceed from the 
upper one. But as the quanttly must be governed by 
the velocity, llierefore the velocity W'ilh vxhicli water 
Spouts out at a hole in the side or bottom of the vessel, 
is as the square root of the distance of the hole below 
ih^ surface of the water. That is, the velocity of the 
spouting fluid, at 1 being 1, it will at 4 be which is 
the sqirre root of 4, and at 9 it would be S, and so on. 
Hence, if you had a very deep cistern, which was con- 
stantly kept full, and it had a cock a foot below the sur- 
face, and you wished to draw water from it three times 
you must place the cock 9 feet from the lop. 

Pence (ue pressure against the side of a vessel in- 
crease^ in propprtipn to the square of the depth, but the 
velocity of a jspputing pipe increases as the sqtrSire root 
depth, s . 

You wMl remember that the velocity of water running 
put of a vessel that empties itself, coniioualiy decreases, 
Jhetause, in proportion to the quantity drawn oflT, the 
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surface descends, consequently the perpendi^lar depths 
become less and less. The spaces described by the de- - 
scendiug surface, in equal portions of time, are as the 
odd numbers 1, 3, 5 , 7, 9, &c., taken backwards; for 
suppose a vessel to empty itself in 6 minutes, llicn, ac- 
cording to the law already laid down, the side must be 
divided into 36 spaces. The water will descend through 
11 of these in the first minute; 9 in the second; 7 in 
the third ; o in the fourth ; 3 in the fifth, and 1 in the 
sixth, and these together make up th<f 36 parts, or the 
whole depth of the vessel. ^ 

On this principle c lcpsjdim, or water-clockfi^ are con- 
structed,; suppose I contrive a vessel and a pipe that 
shall be exactly \2 hours in emptying; 1 divide the side 
of the vessel into 144 parts, which paits musi, be taken 
as the odd numbers 1, 3, o, 7, 9, 1 1, 13, 15, 17, 19, 
^1, 23 . The surface will descend through 23 of these 
in the first hour;' £l the second ; 19 the third, and, bo 
on; therefore if the pipe began to flow precisely at 12 
o'clock, it vrould be oiie when the surface ha'd d^endod 
through 23 parts ; two when it bad reached 23+21 or 
44 parts, and three o’clock when it bad descended £8 + 
21 + 19t nr 63 parts, and so of the rest ' 

From the pressure of fluids upon banks of canals, 
rivers, reservoirs, 8cc., we learn the necessitj^ there is of 
great strength, when the /ivers or reservoirs aii^e very 
deep ; for if there were two reservoirs, one a yard deep, 
and the other 4 yards deep; the strength of the latter 
must, to be safe, be 16 times stronger timn that of the 
former, because the pressure increases as the square of 
thc dept!is« . ^ 
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^ 1 frilJ now describe iMiatber stilyect, corresponding^ in 
some degree, to what has gone before. 

Let A B, fig. represent a tall vessel of watcr^ always 
kept full ; from tlie centre is drawn a semicircle : three 
perpendicular lines are drawm, via. d 2 at the centre, and 
cl, a 5 at equal distances frbm the centre, the one above 
and tile other belotv it. By ^king out the plug from the 
centre you will see the water spouts to m, and the dis- 
tance N M is double dS;.but from c and a it will spout 
in both cases to u, and N k is double c 1 or a 5. 

The general rule deduced from these experiments is, 
that ilie^ horizontal distance to which a fluid will spout 
from an horizontal pipe, in any part of tlieside of an up- 
liglit vessel, below the surface of the fluid, b equal to 
twice the length of a perpendicular to the side of the ves- 
sel, drawn from them outh of the pipe to a semicircle 
described upon the altitude of the vessel. 

If, instead of horizontal pipes, three others are fixed 
to point obliquely upwards at different angles, one 22^'’, 
the second at 45% and the third at 67i® ; then the plugs 
being withdrawn, the stream of water will cot the curve 
line in those places to which the lines were drawn. That 
which spouts from the centre reaches the point m, as it 
did from the centre horizontal pipe, and the two others 
reich to kV Thus the pipe that is elevated at an angle 
of 45% will throw water to greatest distance, and so 
it is with regard to cannon ; that piece will carry a ball 
to the greatest distance which is leveled to mi angle of 
45'* : satneidlowaiice is, however, to be m ade for the 
resistai^e of the air. / 

Fluids, by their pressure, and by their always rising to 
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tbeir first levels may eamly be eoofi^ed bilk aad 
valleys, io bended pipes, to any height not greater than 
the level of the springs from whence they rise ; bem^ ibe 
ponds at Hampstead^pfdy bouses in London with water 
as readily as if the head of water were ever so near. Pipes 
are laid down the hill, and carried to. the houses in town, 
and other pipes cany the fiuid to, perhaps, the first or 
second story, so that the water first falk and then rises« 
Where the valleys are deep, the pipes mu^ be veiy^trongi 
because the pressure is as the square ofjthe depth. 

Ex. IV. I shall now describe the principle of the 
syphon, pump, &c., and conclude this letter. The sy* 
phon, fig. 3, as you know, is a bended tube, the legs of 
which are of unequal lengths, and used to draw off 
water, wine, spirits, and other fluids, from vessels which 
cannot readily be moved from their places. If a bended 
tube, of rather a small bore, and whose legs are per-* 
fectly equal, he filled with water, and turned downwards, 
the fluid will not run off, but remain suspended therein 
so long as it is exactly level, but by a small .inclination 
one leg is made in Cfiect longer than thei^ther, th% water 
will flow from that, and continue to mn the vessel is 
emptied. When the legs are eqhaily long, the pressure 
of the atmosphere being kept off from above, and act* 
ing, at the same time, equally upon both the ends of the 
tube, prevents the motion of the fluid, but the instant 
one is made longer thaw the other the balance»is de- 
stroyed, the weight of the bluest will preponderijte, and 
the fluid run off, tbrougii it. 

Ex. V. Take t\Vo jars and fill one wirfi Waleir; 
use of such a syphon as that described, and you thay, by 

. a S 
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the tube, emi»iy tfnd fill eidi at 

lilteMine. 

H^K*e syphons are made with legs, as that in 

the .figure, and to make thefn acty both legs are filled 
with the fluid you mean to draw ofF, and tlien, Closing 
|lie ends with the fingers, immem the shortest leg into 
the vessel, aud upon witlidrafvviiirg the finger from the 
U)(t^er leg the liquor wiB flow. Syphons are most com-* 
Utoniy^ised n\ the fomi of fig» 4, to the longer leg of 
which J9 attaclied a small sacking tube zx ; by applying 
the moutli -to z, the fluid is easily drawn over the bend y, 
and when once the syphon is thus filled- the liquor will 
flow out till the cask b is empty. 

Ex. VI. A ayplion may be disguised in a cttp, as 
fig. X The longer leg oi the syphon passes through, 
and, is cemented mto the bottom of the cup; if water 
be poured into the cup, so as not to stand as high as the 
bend of the tube, the water will remain as in any com- 
mon but if it be raised over the bonded part of 

the syphon it , will run over and cominue to flow till the 
vessel U emptied* Sometimes a syphon is concealed in 
thg handle of a diiukiwg cOp, in such a manner as to 
run over when a persofl t>egiiis to drink, in order to de- 
ceive the unwary, who will; in vain, endeavour to stop it, 
after it has once begtm. 

Ex. vi^ U}>pn the priiwipleof the syphon, periodical 
springs are supposed to act, tsnd may fie thus explained. 
Eet be^psrt^ t^f a iiillr within which there is a 

cavity bb, filled by nieaiiii of water draining through the 
pores 0( hiH; wten the water rises to the level c, 
the . fl C B, will be full, and the water will run 
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lliro^gb it m a sjAplion^ aad wifi cavity a 

when it will stop till the cavity is again filled, wbii^ ttkiiiy 
not Imppen, perhaps,, for weeka or motiilia* ^ 

Ex. vni« As water rises diroiigb bended piphi» to 
the same level as the reservoir frans whkh it procei^s, 
we can easily account for fooptains; for if near the bot^ 
toip of a vessel a b, fig. % a small pipe m, is fastened, 
bending upwards, the water wiii spout tliroogb the pipe, 
and rise nearly as high as the reservoir a. 'ffae reason 
of its not rising to a level with a is that^ta motion is im^ 
peded by lire friction of ibe<pipe and by the resistance of 
the air« 

Ex. IX. The pump. is one of the roost useful Of do* 
mestic instruments. In comparison of those who are 
benefitled by a pomp, few, probably, understand its 
structure aud manner of operation, but^ I hope, by 
means of tlie annexed figures, you wilt compiibetid the 
subject without difficulty. Fig. 7, a represents a ring of 
wood or metal, with leather fastened round it, to fit the 
cylinder a, very ebse. Over the hole is a lid r, covered 
with leather, part of which serves for a hinge; ly this 
it rises and falls. Il< is catted a valve, and, as it opens 
only upward, it will not admit of any fluid back again ; 
the same may be said of the iow^r valve v* 

The pump is supposed to stand in a well of water w ; 
h m the hirndte by which the rod r, and valve 5 , aro 
moved up and down in die»barie]. When the rod r is 
forced down, the valve s opem and admits the air in the 
barrel 4o get above it, but, in risiog, the valve is fast, 'and 
no air can repass ; underneath, then, is a paitiiil vactlitfii, 
and the pressure of the yvater will open the ifalv# t?, ani^ » 
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come into ih« bmtel now whno ^ fawdle is worked 
U|^ and down or three timea the water will get above 

the valve s, And, when drawn wHiflow out of die 
piper ^ . 

- 'Htn kind of pump waa foramly caUad die aodui^ 
pwinp, because its operadqo was sappmed Kr di^HMld on 
a principle of stictiob, an eiuiHon that has been ioi^ 
since exploded. It » die {wessara of the air wbkh 
eansea the water to rise and follow the piston as it is 
drawn np, and piice a cohnnn of wider 33 feet high, is 
of e%ual weight with a column of the air from the earth 
to the top of the atmospbercf, therefore tlie perpendi* 
calar height of the piston from the surface of the water 
must be alwftys less dian S3 feet, or the water will never 
get above the bucket ; but when the height is less, or 
about S7 or 28 feet, the pressure of the atmosphere will 
Im greatdr than the weight of the water in the pump, 
and'Witl, therefore, raise it above the biwket, when it 
may be lifted to any hnght, if the fantoiHred be made 
tong enough, and a aufEcient degvee of force bo cm* 
ployeb. <, 

Fig. 8 w^l show die toleration of a {arciiif>|Hfinp, 
which not only raises the water into the barrel, Kke the 
common pump, but afterwards forces it up into the re* 
servoir K K. The pipe and the barrel are the same as 
ill the other pump, but the piston e has no raise, it is 
solid>8n(] heavy; and made air tight, so diat no water can 
get above it. 1» the beghttnag of the operation die pis* 
ton, or, as H is nsudiy called, the plunger c, is close 
down open dieraive a, and by drawing it up, a vacuum 
|in made between a and o, into which the water w, in the 
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well, rises by the pressure of the air. Wbea tbe plunger 
is foieed down agaio^ the water cannot return by a, 
but will be forced through the 'l>ipe m, and the valve b, 
into the vessel k ; and as the pipe f i, is fixed into foe 
top of foe vessel, and is made air-^Ught, no air can escape 
out of it after foe water is higher than i, the edge of foe 
pipe ; but the whole quantity of air, which occupied the 
space F I, is compressed into foe smaller space h r, and 
the compressing force of foe air forces it through foe 
pipe, and foe more the air is condensed^ foe higher will 
the stream rise. 

Engines for extinguishing fires, and garden engines, 
are constructed on this principle, only with twc^barrels, 
having pistons moving up and down alternately in order 
to produce a constant stream. 

You will observe that, as in the case of fire-engines, 
it is not necessary for foe engine to be close to the head 
of water from which it is supplied, but a leathern pipe 
may bring the water from a considerable distance: to foe 
spot where foe engine is to act ; so, in pumps, there arc 
many instances where it would be in^onveniecS if pot 
impossible, to fix them perpendicularly oyer the well : 
suppose foe well at A, fig. foe skuation of the 

pump at p f then foe barrel b, may be sunk td a l<|vcl 
with the water in foe well, and made to communicate 
by means of the pipe c. The bucket will, this situa- 
tion, liave as much effect, as if the well were immedi- 
ately under , foe pipnp/because the pressure of foe air on 
the water in the well, will always keep Uic pipe a E c 
full. ' , . 
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I^eitiiuilics--Pr4!kpe^ of Air ^er!t>«4]-*^£iip«Hiii«il<) <o prov« 
tilt Air a tllbdtaiia«--Wei^bt of Air in a AflOwi ascer- 

taified— Prrs^iifB of ^ Air damonatrated— MelbifKiU of weigblng 
the Air— Tlie of tbd Air ahawa--^ tli« l^ntaio in 

vaenn^ ^ 

Th e air which we hreaihf^ thd on which we clepend 
eyftty moment of otir lives for existence, k an mtich a 
finid As water, coficerning I have, in my ft^rmer 

ietldra^ treated at large, llte err envelopes the earth, 
antt^dttends to a considerable iieight above its Mit face ; 
by tliis the elands nnd vapours^ m tn our cli- 

mate, ure 8uppn''ted, and ilm vvbcde hr tisnatly deiiomi- 
nated the atmosiihefe. )t iis knovin to possess graidty 
bi common wHh other terrestrial subjects, and, being a 
fluids it must p|!ess upon bodies in proptirtfon to its 
t^ptb,atid its{H^s#re is, like that ofotherf^ldsjmovcry 
dlrndiom "^It however, from them h some par- 
ikifkaa ; 1. It may be compr^^sseS iano a ll»U^h tem space 
ibita k usually occupies. &. It caiuiot be congealed into 
a solid substance, like water, into ice, S, Its density de- 
creases III proportion to its height above tti$ surface of 
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the eerth. 4. It ja verjr elAsdc, end 

ticitjr is e^«l to its v ' 

Ute science iif Pneumetiee is dKtVhtIMi VO tlwi 

consideration uf (Ik yuec^iiiiiicei |}ropeitt«i^ i^, MdNsi 
its pressure, M'ei|tfat, ><l«iteit^, eiwticity; eoilhp|«Sp'' 
sibiiity. 

That the air is a subirtauce tiapabb of resistaaea, Mb 
other bodies, is evident front a ^ Mmpb fvperinaiits. 

ExphtiiMBNT I. A whip, or a tbin 8ti(A,<V*iMMd 
swiftly thmtgb the air, shows, by the sound, tbatitibewti 
with a resisting body. By swinging the hand, edgeways^ 
ijuicbiy up and down we obtain »' compkte idea of ant' 
parating the parts of some resisting medium. ' Tbanan- 
tion of a fan proves likewise the resisuince of air. 

Ex. II. An open bladder may be pressed into any 
shape ; but if it be filled with air, and the neck tiedfiut, 
it will be as much impostibie to bring tbe side>--»^ thd 
bladder together as it wotddif >t contained abrid: ar>ln 
stone. i ' ' 

Ex. Mi. Upon a vessel of Water place a cprfc, ttod 
invert over it, (terpendkalarly, a glass tumUer, m.d yon 
may force the glass as low bs yOu please, but tbe cork 
within the glass will never rise so higdtastbe water w'ftir' 
out, lieiKe It is assumed that there is some other sub* 
stance wtihtu the glass, whicb occupies tbe space bn 
which the water cannot come. Xiet the air Wapia fay 
bringing the edge of the tipubler just above fbe watjsr, 
and then the cork will stand at the sbme level widfaiolw 
the water does without* 

Ex. IV. C^n a pur of common bel|ow% 0*3 atopi 
the nozule wHb a cork, and np pow'er (Wt AffiMi. Iba 
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boards together without forcing out the cork^ or bursting 
the leather* 

The air is invisiblei because it is perfectly transparent, 
and though, in comuiofl language, we say, ** such a ves- 
sel is empty,” there is nolbii^ in that bottle or glass,” 
jet we do not mean to say that the air is excluded from 
them, but as, to the eye, the air is not visible, so, in ge- 
neral, we take no heed of it as a substance every where 
eijsting. Nevertheless the air weighs, at a medium, as 
we shall see, about 14 or 15 grains for every quart: 
or, to speak more accurately, it is about 800 times 
l^hter than water* We say a room, destitute of fur- 
nkufe, id empty, and yet, if it be a tolerably sized apart- 
ment, the air contained in it weighs much more than 
would at first be credited. The room in which 1 sit is 
IS fhOt long, 15 feet wide, and 10 feet high; now, as is 
the note ^ below, the air contained in every 
room of diis size, weighs $375 ounces avoirdupoise, or 
tit pounds. In buildings, or any part of them, it is 
impracticable, if the attempt were made, to exclude the 
air ; kit in smaller vesseb, as glass receivers, the thing is 
done very readily by means of the air-pump, ih instru- 
m^t which 1 shall now describe. 

A A, 6gn 1, plate Pneumatics, are two strong brass 
btvreb, w^ithin each of which, at the bottom, is fixed a 

* TUl^cspiicity of room i« foimil by tnaltiplying tUe ieng,th, 
fridtb, and height together, eq^ual to 18xl6xiO=:«roo cubic feet; 
btii we have seen that each ciibic ^ot of water weighs lOOO ounces. 
Then the room filled with water^ 'woifi4 comaitt Z,rOD,OOOoz., and, 

al idr is BOO thaes figtiter than water, we ounces 

fm the weight of the liif in thi room. See page im* 
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valve, opeiiii^ upwards; ibese valves coiamttBMdte with 
u coucealed pipe or chuDnel leads to K. lit 
barrels A A, there are two pistbtiSi wiA ii^v^ 
upward^ likewise ; these are moved up aiid do^ 
means of the racks c c, and handle b. The jh»i ref , 
ceiver L, is planed on a very amootb bnw jdate k, and 
which, by means ofjfet leather, or a litde grimsei is rep- 
dered air tight. Having diut the cock v,' the phkofie 
are woiked by the which, and the air oeapes hy ibeans 
of vnlyes, which, opening upwards oftlyf kill ttojt ad- 
mit .the air back, again, and«ia a few turns of the 'handle 
the air will be so far pahaiisted as to i^x the reijeivdr t. 
fast to the plate, so as to Iw absolutely iiptnovealde, tilt 
the air is admitted again through the cock T. 

. The small receiver w w, contains a jfoottle with some 
quicksilver in it. The inside of the receiver w in. cUiO- 
municates with the inside of tlie large receiver P, and tt 
fast as the air is exhausted in the one, it is in the "Other 
also, and tu proportion to Ute degree of exbauMioii die 
mercury siidts in the tube, aS will .be eaphined when ke 
treat on die principle of the barometer. 

The air, be'uig agravitathq' .fljy, ptesses lifce odmr 
duids, in every direction, upon whatever ia itamersed vn 
it, and io proportion to the depdm. It is kmiwa, by dte 
barometer, that the {Hcssure of tbk atmespbere is less 
upon a hi^ mountam than m theiplafn beoeadi. 

Ex. Y. Fill a wine-glass wUfa water to the biim, knd 
cover it wUh a piece of. vVlitii^ paper; then plaoh the 
palm of.tbe hand over the paper, so as to Jhohi it evenly 
down, and turn up the ghiss, aflm' which the %uid may 
be removed without the water runmog out. T1^ effect 
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h produced wholly by the pressure of the external air 
upon (he surface <if the paper* 

JEx. VI. Place the little glass a b, fig. 2, which is 
open at botli ends, over, the hole k, of tlm plii^e on the 
air<pu(np, and lay one band dose on ^he lop, while, with 
the other, you turn the t^tdie of the pump a few times, 
^md you will perceive liow great the pressure of ihe air 
is by the pain which it excites. 

Ex. VII. You may next invert die glass,%nd let the 
wide end be uppermost, on w^hicb tie very closely a^^piece 
of wet bladder : place it as before and exiiaust the air, 
and^ after a single turn of the hi^udle of the air-pump, 
the bladder will become concaVe by the greater pressure 
from without to what there is within, and after a few 
more turns it will burst, by the pressure, with a most 
vtolmit report. A piece of thin glass may be broken in 
the same manner. 

Ex. vui. A, fig, 3, is a glass bubble, an inch or tw'O 
in diameter, with a loi^ neck ; it is placed with the neck 
dowjtnvards ; which, neck, though open, having a narrow 
bore, is pievei^ed by the pr^sure of the aiilfrom per* 
milting the water flow out. But put tire jar b, in 
vsbich it stajiids, under a on the plate of the air-pump, 
.atid exhaust the tur; apd when the pressure from the ex<* 
ternaJi air Cs reamved, the water will flow out in a stream. 
Adnyif^lie. air kgain, by turmng the cock v, and the pres* 
sure which itoc;cafi 0 n 8 wtill force tfae water instantly into 
the bubble. Still you , will perceive a , small bubble of 
air at the top, tins js owing to the imperfect exhaustion 
of the ait ; and that , bubble of air, small as it appears, 

what, by its elasticity, forced out the water, w hen the 
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External pressure was removed; and what, in its expanded 
state, filled the whole glass ball. 

Many of the ^xperifiteil^U belonging to this sufejett 
were fcU'imerly supposed to be piarforfiied by the prin- 
ciple of suction. But that ‘Which baS jdst now been de- 
scribed cannot accounted for but by presstird- The 
following is, however, stiH more conclusive : 

Ex. IX. On the |>late hf the air-pump, and at a 
little distance from the hole K, place ihe^small glass re- 
ceiver jc, fig. 4, (to prevent the air from getting under it, 
a little oil or water should be put round the external 
edges,) cover it with a larger receiver, a b, and Exhaust , 
the air from the latter, and it ivill findf its way out of 
the small otie liken ise. When the Targe one is immove- 
able by the pressure of the air, the other will be loose, 
as may be Irnown by Shaking the p6nip ; now ifm&m&im 
had been the cause that fastened down thh one, it tntist 
have fastened the Other also. Turn the cock v quickly; 
the air, by being admitted, suddenly loosens the large re- 
ceiver, and renders the tittle One absdlutq^ immowntble. 
Hence y% must infer that th^ air b^iiig adniitted into 
the receiver becomes a balance for the eternal piesstire, 
and sets the large glass free; but lhe**iii'ittet rbtnid the Odge 
of the smaller one prevents the air Mixi getting under- 
neath it, while, by iti^ priwsUre externally, if fixes' the 
glass dow^i most firmly. ^ ^ " 

By this principle Of pressure 'ibiifiy fActs are explained 
very readily ; thus you have seen bOys draw up a heavy 
stone, by stirkingyon it U round piece of moistened lea- 
ther. For by presiingHhe w et leather on the* stone, the 
air is completely displaced, and, therefore, there being 
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no internal presaure under the leather to*balance that 
M'bicb is without, ajgreater |>owef than the w^ht of the 
atom is required to'separmte the leaUier from it. 

Ex. X. Tfaebemi8^i<ne8,"^.3, conidrtof two brass 
cups made in an hempqpirarjca] form, when these ere put 
together and the air eahauated, it wi)l require a very 
great power to s^arate them. .,To make the experiment, 
the screw o, is to be put into the hole x, % 1, and the 
hemi5|dieres are to be closed and the ait exhausted; after 
which the cock is to be turued, and the whole to be un* 
screwed from the pump plate. Two people will now 
find much difficulty in separatit^ the parts by main 
strength ; but if timy are bung up in a glass receiver and 
the external air taken away, tlwy will separate of them- 
selves. 

’ ® called the transferrer, and is admi- 

rably calculated to shew the effects of the air's premure. 
The screw fits on to the plate of the air-pump, and, 
there being a cbaonel along a n n, by means of the stop- 
cocJ" o and Bj the air may be taken away from both or 
eiffier of the receivers i end x at pleasure. "When the 
screw c, is fastened on to the punip plate at k, the re- 
ceivers are hjose, but as soon as the aif is exhausted fliey 
become immoveable; turn the cock d, and they will re- 
main so.* TTte air, by turning d and e, may be let into 
the receiver i, while the cqjnimuincation is cut off firom 
K. 1 h tiow free and k fast, but if o be agna turned 
to prevent the admission of more air into i, and h opened, 
then the quanti^ of air in i will be equally diffitsed be- 
tween the two receivers i and x, and being only half as 
dense as the external air, they will both be fastened down 
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by Uie pressure from without, tftat within not being A 
balance for it* 

Ex* xii* Some small ^[i»re glass bottles are ei- 
baosted of air, and, foe djpemtioii, foe |tr4Mire 

from without, wbeti foeinhi^* and bpposiiig pressure is 
laken away, will break foem tit a foousand pieces* 

Ex. Kill. By another contritraitce, mercuiyinayi by 
the pressure of the air, be forced through the pores of 
solid wood like a shower of rahu 

£x. XIV. Wliat is called the fouitlaii[ in vacuo is 
effected by the pressure of the atmosphere ; from the 
receiver H, fig. 7, the aiir is exhausted, and the |ipe a 
which communicates with the inside of it, b put into a 
vessel of waster w, the cock t turned, and the pressure 
on the surface of the water forces it up through the pipe 
in a beautiful fountain. 

A very ingenious application of atmospheric *^iressfffe 
may be seen in the royal mint, where cylinders, with pb- 
tons very accurately fitted to them, are actually used in 
the place of springs. 

Having given you, I think, a complete illustration of 
the pressure of the air, I come to speak of its weight, 
which is exhibited by the following experiment. ^ 
Ex. XV. Fig. 8 represents a Florence flask t>, hang- 
ing on one side of a scale beam, and balanced by the 
scale and weights, o is fitted up with a screw and valve, 
by which it may be screwdid on the air-pump plate and 
exhausted of its air, and it wilt be found that it weighs 
or 16 grains less when exhausted than when it b full 
of air. Nothing can be more satisfactory tljaii this ex- 
periment, for the moment the valve is opened, by being 
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UfM up with a cpmihtm needlci the air rushes ia with 
a hissing nois^.and the original weight is restored* 

The air is not of ^idie same density ; sometimes 

the qoaniityr contained in th^lvimall bottle will weigh ^ 
a grain more or less that! t]t ^1^1} at others. These changes 
in the atmosphere are eommonly ascertained by m^aos 
ol the barometer^ the eontttruction and principle of whicli 
will be explained hereafter* 

That the air is an highly elastm body is proved in va^ 
rious ways. « 

£x, xvi. Take a bladder and blow it up with air, 
and, while full, let the mouth be accurately tied up, to 
prevent 'its escaping. If you now press it with the fin* 
ger, an impression will be made upon it ; but the moment 
the hand is removed, it will recover its former shape. 
Throw it on the grpund, and it will rebound like any 
ofdcA v.i^tic substance ; this must be caused by the air 
and not by the bladder, because the latter has little or no 
disposition to elasticity. 

£x. xvii. A bladder containing a very small quan* 
tity 6i air, if closely tied up by the mouth, will, under 
the couiiiion pressure of the atmosphere, exhibit no signs 
of elasticity ; but if it be enclosed in the receiver of an 
air-pump, and the external air taken away, then that in 
the bladder, howxver small die quantity^ will distend and 
completely fill it : so great will be its elastic force, that 
if it be put in a box with £. moveable lid, and weights 
placed on the, Ud, the elasticity of the air contained in 
the bladder will raise up lid and weights too. 

Ex. xviTi. If a thin square glass bottle be herme^ 
tically sealed, but full of air, then put under a glass re- 
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ceiver^ and^ie surrounding air ibe elastic 

force of that wi4iin will burst a thousand 
pieces* ' ■ 

Whatever is elastic is Of beihg reduced into' 
a smaller space than it Oaturafly Occupies ; hence air is 
very compressible. 

Ex* XIX. A bended tube, a b c, fig. 9, is closed at 
A and open at c. It is, in the state, full of air ; 

pour some quicksilver into it to cover the bottom 
a the air is then in each leg of dte safhie* density, and 
as that in A b cannot escapes because the li*»hter fluid 
will be always uppermost, when more quicksilver is 
poured in at c, its^^pressulTe will condense the air in the 
leg A B ; for the air which filled the whole of the part 
of the tube, is, by the w*eight of the quicksilver in the 
other part c B, pressed into the smaller space ax, whic|i 
space will be diminished as the weight is increased; so 
that by increasing the length of the column of mercury 
in c b, the air in a a must be mare and more condensed. 

From this and other experiments it is ascertaine^bat 
the elastic tpring of air is always, and un5er all circum* 
stances, equal to llie force which compresses it ; for if 
the spring, with which the air endeavours to expand it- 
self, were less than the compressing force, it must yield 
still further that is, in the present case, if the spring df 
the air in a x Were less than equal to the weight of the 
mercury in the other leg, it would be forced into a yet 
smaller space ; but if the spring were giedter than iW 
weigln pressing upon it, it would not have yielded so 
much, because action and re-action arc equals Hi 

opposite directions. 
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H^ce evidc^ ^hy the^iir ^‘jarihe earth 

U more deiw Ibau lhal above it, arid. m by it conitnuaUy 
decreaaea in density dll at last it degenerates to nodiing. 
Tbe fact is ascertained by eaperimeBt and observation^ 
and it bas b^ illustrated in this way : suppose a nuoir 
ber of packs of wool piled one upon another, the bw- 
<»t willf by tbe weight of all the others above it, be for- 
ced into a less space||. than the next; that is. its parts 
will be brought nearer together, aud it will be denser 
than the iiext> t«nd that will be more dense than the one 
above tt| and so on^ till you cooie lu the uppermost, 
which ..sustains no other pressure than what is occa- 
sioned by the weight of the atmosp||ere. Hie atmos- 
phere is supposed to reach about 40 or 50 miles iu 
height. 

^ Ex. XX. The effects of condensed air are admi- 
rably exhibited by the artificial fountaiiv which is a ves- 
sel usually made of strong .*eopper. as is represented by 
fig. IQ. F is about half full of w ater, and tbe pipe a b, 
to .which ia attadied a stop-cocic x, reaches just below 
tlie surface dl the water ; to this pipe a syringe is 
adapted to force w large quantity of air into the vessel 
F. so that, in the space above the water, ten or twcmty 
Umes the quantity of air is condensed than it would na- 
turally contam;;^ and it cannot possibly escape by, means 
of the syringe during the operation, because the velve 
only opens downwards, and the ende«^vour to esei^ 
shuts it tbe closer ; nor can it get back through tbe tube 
b a, for that end b of the tube being under the water, 
the air to ascend through the tube must first descend 
below the water, a hich is impossible, as the lighter fluid 
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can neve^ ik beneath the heavier. Wh^n a sufficient 
quantity of ^ is forced in, turn the cock or, take off the 
syringe and put on a jet of any form and shape, and you 
will get a corresponding kind of fountain. 

Fountains of this kind, if properly placed when the 
sun shines, will exhibit artificial rainbows. 


H 
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LETTER XVll. 

Miscellau^oiis Experimeatft^TorrioeUian Experinieni-^Acliait ot' 
the luarometer explaitied-^Role for jtidging of the Wealbcr— Con- 
struction and uses of tlie Hydrometer— Ratn-gaoge and Thermo- 
meter— Scale of Heat. 

1 SHALL 0 ) 0 w describe a few miscellaneous experi- 
ments^ and then refer to some important instruments 
coociecM with^ and principally dependant upon the sci- 
ence of Pneumatics : and connected also with the com- 
forts and conveniences of life. 

Experiment i. The vanes a and ft, fig. 11, are so 
CQRtrived by the springs^ to be set off at once ; a is 
placed edgeways, and b with the surface of the leaves 
$0 as to meet with all the resistance o£^ the air. In the 
open air the vane a will move round ten times as long 
as i^^Jhecause it meets with little or no resistance from 
the air; but in an exhausted receiver they will both 
move much longer lhap either of them did in the open 
aL" ; and as they now turn in an unresisting medium they 
will both stop together, because the only obstacle to 
their, motion is the friction of the axis, which is the aame 
in both. 

Ex. II. Drop from your hand at the same time a 
guinea and a feather, or very light wafer, the guinea will 
reach the floor first, because the resistance of the air has 
much more effect upon light tlian upon heavy bodies, or 
it impedes most the motion of those bodies that have the 
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least momentutn ; but take away the air^ bo^b will 
fall to the battom at once. Tbe flaps a 
contrived to sustain twp bodks^ as a guinetilind fealsiper^ 
and are kept in a hoibsontal portion by means of .the 
support X. When the tall receiver a b, i$ plai^ 
the plate of an air-pump and exhausted pf its ,air^ J >7 
turning tbe screw z, the flaps fall into the .jioaitjiQO us 
represented in the figure, and, if you are very attentive 
to the experiment, you will find the guinea and featbai^ 
at the bottom in the same instant. In tfiis*case, though 
the momentum of the guinea is much greater than that 
of the feather, yet as there is no resisting mediflm, and 
as we have seen, page 23, the effect of gravity is in pro-» 
portion to the quantities of matter, they will both tend 
with the same velocity to the centre of the earth. 

Ex. 111. If tbe ail be taken from the 
piece of dry wood, by placing it under tbe receiver of 
an air-pump while the air is exhausted, and then kept 
under the surface of mercury while the air is suddenly 
admitted, the fluid metal will, by the pressure of tlfirt^ir^ 
be forced into the pores of tbe wood, as will be evident 
to the sight by splitting the wood. 

Ex. IV. Place a shrivelled apple under the receiver 
of an air-pump, and exhaust the air from the receiver, 
and that which the fruit contains in itself will make it 
appear as plump and well-looking as if just taken from 
a tree ; but the moment the air is re-admitted, it will 
return to its former shrivelled state. 

Ex. V. If a new-laid egg, with a portion of jts sniril 
end cut off, be put under the receiver of an* air^pomp, 
and the air taken away, tbe small bubble, o|jair contained . 

H 2 
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in the great end will, bj its elastit force, expand and 
drive out the contents of the egg from the shell. 

£x. VI. Beer, made pretty warm, and put under the 
receiver of an air-pump, will, when the air is nearly ex- 
hausted, appear to boil. 

Ex. vii. The smoke of a candle will ascend in the 
air, but in an exhausted receiver it will fall to the bot- 
tom like any other heavy body, which shews that it gene- 
rally ascends, because it is lighter than the surrounding 
air. 

Ex. VI n. The sound of a bell may be heard under 
a glass receiver while it is full of air, but when that is 
taken away there will be scarcely any sound, which 
proves that air is necessary to the propagation of sound. 

Ex. IX. In condensed air the sound of a belt is much 
loiuuti ihau ill air of the common density. 

Ex. X. Animals will not live, nor candles burn for 
a single instant, in an exhausted receiver. 

Ex. XI. Suspend at one end of a balance a large 
piece of cork o.. dry sponge, and let it be counterpoised 
by a leaden weight. There is now an equilibrium be- 
tween the two bodies ; put them under a glass receiver 
and exhaust the air, when the cork or sponge will pre- 
ponderate^ and show itself heavier than the lead ; but 
admit the air and the equilibrium will be restored. This 
fact is thus explained : the air is a fluid, and bodies lose 
as much of their weight in it as is equal to the weight 
of their bulk of the fluid in which they are immersed ; 
the coik," being the larger body, loses more of its real 
Height than the lead, and therefore must be heavier, 
under the disadvantage of losing some of its weight, 
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whicli disadvantage beii^ removed by exhaolting ibe 
air, the bodies gravitate according to their real quantities 
of matter^ and the cork which balanced the lead in air > 
shews itself to be the heavier body, or to contain a greater 
quantity of matter, when in vacuo. Hence the truth of 
the saying, that a pound of feathers is heavier than a pound 
of lead. 

1 have hitherto described our experiments upon the 
supposition that the air could be perfectly exhausted froui 
vessels by means of the air*pump: this however is 
possible, there must always remain a stSal^ quantity, but 
it is so small, after 12 or 14 turns of the handle of the 
pump, as to deserve little notice ; for if the receiver hold 
a gallon or 60 grains of air it would hot contain much 
above the 5000lh * part of that quantity, or the part 
of a grain, after a dozen turns of the handle. 

£x. xii. If you take a glass tube closed a^^one 
of about half an inch in diameter, and S3 or 34 inches 
long, till it with mercury, and invert it in a bason of the 
same metal, taking care to keep your finger or thumb 
over the open end of the tube till it is below the euaface 
of the mercury in the bason, you will then observe that 

the mercury sinks to about 4 or 5 inches, and the empty 

0 

* If rarh barrel of tUe air pump rootained as much as the re* 
ceivcr, then one half of the air would be taken away at one turn, 
and of course one half of the remaining quantity at th^ next* turu^ 
and so on for each successive turn of the hand ; so that the quantity 
will be diminislied each turn in i geometrical ratio thus ; J J ; 

A; H : w ; » th i WJ4 ; 3 j4s i jrfrei barrel* of 

the pump should not bear so large a proportion to the capacity of 
the receiver, yet an additional turn or two of the Iiandle will more 
than compensate for the diffeience. ^ 
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. above' it is a p^ect vacuum. lit other words the 
nwrctii? will alwa;^ staitid ni such a ttibe, aomewbere 
between £8 am} Si inches in ac(^i>iffing to the 

dmtMly of the airi. Upon tbia. {ih)lt^|^ barometers, or, 
as tliejr are sometitnes called, li^d^r^glassei, are con- 
structed. 1 have for many years been an attentive ob- 
server of the variations of the barometer, and have never 
seen the mercury so hi^ as Si inches, nor so low as £8 
inches. To prove that this suspension of the mercury 
in the tube is wholly owing to the pressure of the air 
on the mercury in the bason, take a vessel o, fig. IS, 
containing some quicksilver, and a tube gf, 33 inches 
long, open at both ends, immersed in it; let them be 
fenced under a faiige receiver x z : c is a brass cover 
widi a syringe h. Every thing is to be made secure and 
air tight, by means of wet lealbera at die bottom and 
top'drlhe receiver. Kow by lifting up the handle i, a 
partial vacuum is made in the little tube gf, to which 
the syringe is screwed, consequently the pressure of the 
air on the mercury in the vessel i>, forces it up to some 
heigfit in die tfrbe, as to x, Just as vrater in a common 
pump follows the piston. 

. To shew that this is not owing to suction, you may 
plaiiC die lapparatus over the air-pump plate, and exhaust 
the air from the receiver x z; in doing which no change 
whatever is produced in die air of the tube, but the mer- 
cury in it will fail into Hk ebp ji; and so long as die re- 
ceiver X Z ..is void of air, die syringe may be worked 
without rainog in the least the mercury in thb lube. 
This is Called the Torricellian experiment, in honour of 
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TorriceHi, a leanied who iiiveiited it, ftiid lb 

whom are indebted fik* thedwcovdrjr of idm Vr«^ 
and pressure of the air. 

Ex. XI II. You now imderslaiid flie ] 
barometer, the mercoijr Of wfaich rises ftM$ In 
proportion to the density of the atmosphere Ail 
upon the mercury in the box. a n, fig. 14, id a ^^As 
tube 3% or 33 intbes long, closed at A, whiell H £99yd 
with very pure mercury, and inverted in Ae tiox fi, cbtiH : 
taining Ae same metal ; and to Ae up{^df^rt,% i 
Ae variations of Ae be]^|bt of Ae merebty ait 
Aere is a scale, such as %• 15, to mark Aose 
As I have before said^ Ae .mercury never ^s 
inches, nor falls so low as ^ inches, because i ^ 
of the atmosphere is never equal in weight to a 
of mercury 31 inches tong, and is always greater Ami 
cdluttin of the same metal 28 inches long. ^ 

Hence as water will never follow in the piston of i 
pump more than 33 or 84 feet, so mercury wiR never 
follow the working of a syringe above 31 inch A. li 
other words a column of the atmospbsfe whidh iJ^boui 
45 miles high, a column of water about 32 feet high, and 
a column of mercury about SO inches, are equal in weight 
to each other ; and as the air is clear and dense me 
mercury rises, as it is lighter it falls. The scale a W 
only marks the variations to Ae ^ of an inch, but hy 
using that and the little scSle xz^ called a Vernier, front 
the inventor's name, the variations to the hundredth pert ^ 
of an inch are easily read off. 

Although the scale varies only from 28 to ffl inches, 
yet it is supposed to begin from the surface of the mer- 
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cuirjr io ifae cup d. ' The Vernier plate xz is moveable, 
so that when die beijht of the mercury is to be taken, 
the index o^ust be set to the upper surface of the column 
of mercury. The large scale is divided into tcndis of 
an inch, but the length of the Vernier is eleven tenths, 
auid divided into ten equal parts ; of course each of (he 
ten parts on the Vernier is equal to the tenth of an inch, 
and a tenth part of a tenth. But the tenth part of a 
tenth is equal to a hundredth part, for one tenth divided 
by ten is equ. * to one hunchedtli.'’*' Suppose the index 
of the Vernier to" coincide exactly with one of the divi- 
sions of the scale of variation as ^9-6, then we say the 
height or die mercury is £9*6, but if it be, as in the 
figure, a little above the sixth division, we look and see 
what divisions on the Vernier and the other scale ex- 
actly coincide with each other, which* we find is the 
second, rnd then w'e say the height of the mercury is 

The mercury in the barometer seldom stands steadily 
for any length of time, it is continually rising and failing, 
and by these variations W'e are in the habit of anticipat- 
ing certain alteration? in the state of the atmosphere : tiic 
following rules are supposed as accurate as our present 
stale of knowledge will afford. 

1. The rising of the mercury presages in general fair 
weather, and its fulling bad weather, as rain, snow, 
wind, &c. 

* To divide a fractioa by any whole naml)er is to multiply the 
denominator of the fi action by that number; tbu« 

.1 JL- 
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2* In Extremely bat weather the feUing of the mereiii^ 
foretels thunder. ^ ^ 

3. In the winter tnonihs the rising of the mercu^ 
presages frosty and in. frosty weathefi if the mercury full 
from I to } an inch| or more, it is almost a sure sign 

a thaw. ' . 

4. If bad w^eather happen almost iimnediately after 
the sinkkig of the mercury^ it will not last veiy long. 

5 • In bad weather, when the mercury«JRises much and 
high, and continues to rise two or thf^ dhys before the 
bad weather is over, then a continuance of fair weather 
will probably follow. • 

G. In fair weather, when iHe mercury falls for two or 
three, or more days before the rain comes on, then a 
good deal of wet may be expected, and probably lugli 
winds. # 

7. The unsettled motion of the mercury denotes un-» 
certain and changeable weather. 

After all, in our observations, we must not rely so much 
on the height of the mercury as on its moyon up aodde wn. 
Nor is this nholly to be depended on. 

Other instruments are uecesMiry to the meteorologist 
besides the barometer ; as die hygrometer, rain gauge, 
and thermometer. 

The hygrometer is an instrument for ascertaining; the 
degree of dryness or moistt4re of the atmosphere. Hy- 
grometers are of various constructions ; some are made 
with hempen strings, which are known to shorten in 
moist weather, and to lengthen when the atmosphere is 
very dry. Others are made of the beard •of the wildi 
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Diit* whick by tViisting nnd tintwisting m dioist aud dry 
weather moves an index attached to it: ^lid Lottie are 
kitkdb by balancing a targis of s|}o^ge against a cer- 
taih weight : in diimp weather the ^}>onge irObibev the 
ttioisttire and preponderates, and tlte reverse in very dry 
weather. 

The rain gauge is used to ascertain the quantity of 
rain that falls on each square foot of the earth^s surface. 
A very good <ajn-gaage consists of a hollow cylinder, 
having within it a cork^bafl attached to a wooden iietn 
which passes through a small opening at the top ; on 
this is placed a funnel. The water is collected in the 
funr'*'!, which causes the cork to float, and the quantity 
is ascertained by the height to which the graduated »terii 
of the float is raised. After every observation the water 
is drawiPoflf by a pipe. The diameter of the funnel is 
exactly inches, and that of the tube four inches, and 
as the areas of plane figures are to one another as the 
squares of the diameters, the ar^a of the funnel is to 
the &rea of the kibe as 12® : 4*, or as 144 : 16 or dividing 
both by 16 as 9:1: if then the water in the tube be 
raised 9 inches, the rain fallen, will, in the area of the 
funnel, which is the true gauge, be only one inch : the 
floating index with the cork shews the rise of the water in 
the gauge ; so that if the float be raised 1 or 2 or inches, 
the depth of rain fallen wi?l be ^th, |ths, or Jths. 

A good common rain-gauge consists of a funnel con- 
taining at the opening an area of exactly ten square 
inches, which is put into a common bottle, aud the 
weight of the rain collected in this is to be weighed, and 
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for every ounce 173 parts an inch ara to be atlo^ei)^; 
thus suppose in a given time 12 ounces eoUecieii 
in this gauge, then 1.73 x 12—2.076 which shews ifcat 
the diepth of rain fallen is equal to rather more than tWo 
inches,* 

The thermometer is intended to mark the change in 
the temperature of the atmosphere. It consists of ibar- 
cury, oil, or alcohol, enclosed in a glass tube, whidi is 
fixed to a graduated frame. There an^nany kiiiib of 
thermometers, but that used in thi^ country is caifed 
Fahrenheit’s, from the inventor ; it is represented in 
16; A is the bulb containing tliemercury, ayd a B die 
tube hermetically sealed, and^it is so contrived as to be 
perfectly free from air ; the mercur}' in the figultfUtands 
at 55'", by heat it rises, and by cold it siitks. Tibe 
tube is fastened to the frame, and the scale is thus 
formed. Ice or snow is always of the same tempera- 
lure: so also is boiling watery these then may be re- 
garded as the standard points from which the scale 
proceeds. 

The tube is put into pounded ice, and when it has 
remained in it sufficiently long to come to its loWest 
temperature the place of the upper edge of the mer- 
cury is marked 32'’ ; it is then gradwidly introduced into 
boiling water, and when it will rise no liigher, the alti- 
tude of the niercury is marked 212'^, The space be- 

♦ The rcahon of the rule is this : every gallpn of pure ralh water 
iotigha 8lb, S 02 , ^ avoirdupouse, or 153.66 ouiif es, and coutwiB in 
measure m inches, and €6, gives 1.73 nearly, tliat is, 

every ounce of water may be estimated at 1.75 cubic inches, but the 
area of the funnel is 10 square inches, and 1,73+I0ts:*l73. 
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tween tbej>e two marks is to be divided into 180 equal 
parts^ and part below 32" is likewise to be equally 
divided to the bottom of the scale, and if they go below 
0, then the other divisions are marked — 1, — 2, — 3, 8cc. 
Against 32" is written freezing — ^against 65° tem- 
perate summer-heat:”— 98° “ blood-heat — 

1 12° fever-heat — 176° alcohol boils and against 
212" water boils” 

In Fahvenheit’s thermometer the freezing point is 
called 32’, ancjf "he boiling point 212". In tlie centi- 
grade or modern French scale, the freezing point is 
called 0% and the boiling point 100. To reduce Fahren- 
heit’s scale to tlie centigrade, subtract 32", multiply by 5, 
and‘';:}/‘/ide by 9. The quotient will give the degrees 
on the centigrade scale; for example, to reduce 55° 
by Fahrenheit to the centigrade, 65" — 32°=:23° ; and 

and, vice versa, to reduce the centi- 
grade to Fah’^^nheit’s scale, multiply by 9, divide by 5> 
and add 32" to the quotient : for example, to reduce 30° 

on tlie centigrade scale to Fahrenheit’s : 
and 52 xS2°=:84. 

^Tbe utmost extent of the mercurial thermometer, 
both ways, is 600 , and 39^ or 40 below 0, because in 
the former case mercury begins to boil, and in the latter 
it congeals ; therefore, beyond these degrees mercury is 
no guide. * 

Mr. Wedgew^ood has contrived a thermometer which 
will measure the degrees of heat up to 32,277*' of Fah- 
renheit’s scale. It is known that all argillaceous bodies, 
are diminished in bulk by the application of great heat. 
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The diminution commences in a dull red and pro- 
ceeds regularly as the heat increases til! the flay is trans- 
formed into a glassy substance. Wedge wood^s thermo- 
meter consists of two rulers fixed on a plane, a little 
farther asunder at one end than at the other, leaving a 
space between them. Small pieces of argillaceous sub- 
stances, made for the purpose, just large enough to enter 
at the W'ide end, arc heated in the fire wiil^htf^body 
whose beat is to be ascertained. Tlie according to 
its heat, contracts the earthy body, so fhaP being applied 
to the wide end of the gauge, it will slide on towards 
the narrow end, more or less, according to the flegree of 
heat to which it has been exposed. 

Each degree of W^edgewoods thermometer answers 
to 130' of Fahrenheit, and his scale begins from lO??** 
of Fahrenheit, if it w as possible to carry that high. 

The following abridged scale of heat will exhibit 
some curious facts which have been fully ascertained by 
accurate experimenters. 

SCALE OP HEAT. 

Mercury freezes at — 40® of Fabrcuheit. 

A mixture of snow and salt * 

sinks the thermometer to .... 0 


MUk freezes at 

Water * 

...SO 

. . .32 

Heat of the human bod^ in 
bealth, » from 

...1/2 to 

Water boils at. . * 

..2 2 

Milk boils 

. .213 

Mercury boils 

..600 

Iron heated to a red heat, 



visible by day 


1077=0® of Wedgewood, 



THERMOMETER. 


I5B 

I 

Bra^H melts 

SweAih copper melts $7 

Silver ;28 

Gold 3« 

Welding heat of iron from 1:^0 to iSt 

Ca&t-iroii melts.. .ISO 

Extremity of Wedge wood^s scale . . . «£^40 



}59 


LETTER XVIII. 

TIte Metiiod of measarlng the height of Kleaittaiiia by the Bafo* 
meter — Pressure unsteined by Mau — The Constmction and Ope- 
ration of the Steam Engine explained— its oses and Adj^antages 
pointed out. ^ 

Hating in my last letter shewn the sflructure of the 
barometer, and its use in ascertaintog the variatioiis of 
the density of the atmosphere, I will now poinbout aoo* 
tlier purpose to which it has been applied, via. the mea* 
suring the heights of mouiitains and oilier elevated'plai^s. 
It is found by accurate experiments that the mercury in 
the barometer falls ^th of an inch for every \po feet of 
perpendicular height. In ascending the Puy de Domme, 
a high mountain in France, the mercury fell three in- 
ches and a half, and tlte height of the mountain waa 
found by exact measurement, with an instrument, to be 
3204 feet. Snowden is ascertained by instruments to 
be 3720 feet high, and the mercury in the baroiieter 
fell in ascending it 3.8 inches. Hence the baromeHer 
will readily tell the height of any mountain, &c. ; for if 
the mercury fall in the ascent 3, 5, 8-teiiths, &c. we 
know we have gained 3, 5 ^ 8 hundred feet in perpendi- 
cular height. 

it may in this place be proper to lead you to the con- 
sideration of the immense pressure sustained by the 
human body ; we have seen, that the prcMssure of the 
atmosphere on every square inch is equal to 14lb. ; now, 
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the surfac ^ of a common-sized person's bod}? is about 
14 or lo fejt; suppose 14 feet only; in each square 
foot are 144 square inches^ therefore the pressure upon 
such a surface is equal to 144 x 14 x 1 4 ziz 289241 b.;^ a 
w eight which would instantly destroy life, were there not 
within us an elastic force of air which balances that 
which is without. 

One of the most important of machines is the steam- 
engine, the"y*:”cluie of which you will easily compre- 
bend« The boiler about half full of water, and standing 
over the fire is represented by A, fig. 17 , b is the pipe 
to conve j the steam from the boiler to the cylinder c, 
in which the piston, made air-tight, works up and dow'n. 
a and c are the steam valves, by which the steam enters 
the cylinder ; it is admitted through a, when it is to 
force the piston downwards, and through c, when it 
presses it upwards : the eduction valves are b and cf; 
through these the steam passes from tiie cylinder into 
the condenser e, which is a separate vessel placed in a 
cistern of cold water, and which has a jet of cold w ater 
continually playing up in the inside of it. f is the air- 
piiTiip, which extracts the air and the water fjom the 
condenser : this is worked by the great beam or lever 
K s, and the water taken from the condenser, and thrown 
into the faot^well g, through the pipe n, is pumped up 
again by means of the pump y, and carried back into 
the boiler by the pipe i L k is another pump, like- 
wise worked by the engine itself, winch supplies the cis- 
tern in which the condenser is fixed, w'ith water from 
the well w . 

You will observe, that all the three pumps, viz. 
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which brings the cold water from the well to j|&pply the 
condenser ; r v, which throws ihe water from the con- 
denser into the well g ; and y z, uhich carncs the water 
from the hot-well g, to the boiler, are all worked by the 
same beam K s, to which the piston rod c is attached. 

The bent rods a d and b c, the first of which is con- 
nected with the steam valve and eduction valve and 
the second with the steam valve r, and eduction 
are attached to the piston rod of the air-npiifp by the 
projecting pieces o and p. 

The motion of the whole machine is regulated by the 
fly-wheel x, on the axis of which is a small concentric 
toothed wheel h : a similar wheel i, is fastened to the 
rod T, and not turning on its axis, rises and faUwWtti 
the motion of the great beam. The centres of the two 
small wheels are connected by a bar of iron, when^ 
therefore, the beam r s raises the wheel i, it turns round 
the wheel H, and with it the fly-wheel x, which will 
make tw’o revolutions while the wheel i goes round it 


Suppose the piston at the top of ih^cylinder as it is 
represented in the plate, and the lower part of the cylin- 
der filled with steam. By means of the pump-rod £ 
the steam valve a, and the eduction valve dy will be 
opened together. There being now a communication 
at d between the cylinder and condenser, the steam is 
forced from the former into*tlie latter, leaving the lower 
part of tlie cylinder empty, wiiile the steam from the 
boiler entering by the valve n, presses upon the piston, 
and forces it down. As soon as the piston has arrived 
at the bottom, the steam valve r, and the eduction valve 
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dy are Ojpened, while those at a and d are shut ; the 
steam, the^tefore, immediately rushes through the educ- 
liort valve b, into the condenser, while the piston is 
forced up again by . the steam. This will be seen more 
distinctly in fig. 18 ; 5 is the pipe w hich conveys the 
steam from the boiler ; a and c are the steam valves, 
and A and d the eduction valves. When a is opened 
the'b^eam rushes into the upper part of the cylinder, and 
forces do\. ‘^^the piston ; at the same instant d is opened, 
and the stetitn which was under the piston is forced 
through into the condenser e; as soon as the piston 
arrives at the bottom the other parr of valves are opened, 
vie. 6 and c, through the latter c, the steam rushes to 
raAt; vhe piston, and through A the steam, which pressed 
down before, is driven out into the pipe v, leading to 
the condenser ; in this there is a jet of cold water con- 
stantly playing up, and thereby the steam is instantly re- 
duced to cold water. ITie condenser c, fig. 17, would, 
of course, be soon full of water if it were not connected 
by the pipe z, with the purnpy'. w^hich throws it into 
the hol-W’ell g,' and the pump y z, takes it from thence 
and conveys it, by means of the pipe y ?, to the boiler a . 
¥ou will observe, that the water in the hot-well, g, 
cannot intermix with that in the cold-well supplied by 
the .pump w K, owing to the strong partition v, v. is a 
cistern through which the boiler a is supplied with 
hot water, and the apparatus connected with it you 
should understand. 

The pipe g is turned up at bottom, to hinder the 
steam getting through, and preventing the free course of 
the water ; for steam, being lighter than water, must rise 
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to tiia surface^ aod cannot sink ibrongli tfaa part 

of tbe tube* m represents a stone sbspende^oq a wke^ 
shewn by the dotted line w, wfatch is so baitmced by the 
opposite weight w, as to admit a proper quantity of 
water through a valve leading to tlie pipe q, Tbe alone 
is^ by a principle in hydrostatics, with which you are 
acquainted, paiily supported by the water; if tb«i^ by 
increasing the fire, too great an evaporation take^pkce, 
and the water sink below the level h b, imiat 

also sink, which will cause the valve to^^pn w'ider, and 
let that from the cistern come in faster. But if tbe 
evaporation be too slow, the water will rise in the 
boiler, and tlie stone, also nsiiig, wilt bring tbe valve 
closer, and admit less water; and by this simplnw^ 
very beautiful contrivance, tbe water is always kept to 
an exact level in (h^ boiler. 

The pipes t and it, with the cocks, are indnded to 
shew the height of the water in the boiler ; t reaches 
very nearly to the surface of the water, when it is at its 
proper height ; and u enters just l>elow^ the surface. If 
the water be at its proper lieigbt, and iht cocks t and ic 
are open, steam will issue from the former, and water, 
by the pressure of the steam, from tbe latter. Bat jf 
the water be too high, it will rush out at f, instead of 
steam : if too low, steam will issue out of u, instead of 
water. 

Tbe axis of the fly whed x, is connected with the 
nitli work or other machinery intended to be put into 
action ; and, as it impels and governs the rest, its motion 
ought to be perfectly regular, and such as to give to 
every part, a convenient degree of velocity. 
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This I ifect can be produced only by duly proportion* 
ing the mWiiig power to the load. It frequently hap- 
pens, bowe^^er, that some part of the machinery must be 
suddenly stopped, and as suddenly put into motion again, 
by throw ing it out or into gear. But hny sudden change in 
the load, requires a corresponding alteration in the mov- 
ing power; and this object is completely attained by 
w’b^Os called llie centrifugal regulator. The centrifugal 
reguIafo*s is composed of four bars, a n, a c, c d e and 
B D F, pinned or rivetled together, (see Misc. Plate, fig. o.) 
the tw o longest bars having each a heavy weight fastened 
to its lower extremity. 

The pin which fastens the two longest bars together, 
|^r.“«,al80 through the vertical axis oh, on which is 
fixed a pulley at i« 

On the axis of the fly wheel, at r, (see fig, 17 , PI. ii.) 
is fixed drum wheel, round which and the pulley ], a 
strap is passed : by this means, the regulator is made to 
revolve round its axis with a motion proportioned to that 
of the fly wheel, and the weights e and F, are thrown 
out more or lc\.s, as the motion is more or less rapid. 
When the weights fly out, the extremity a is drawMi 
down, and with it ilie end of the lever k l, attached to 
it; tlie other end being connected with the handle of the 
cock M, of the steam pipe b. By this means, the cock 
becomes partly closed, the admission of steam is checked, 
and the motion of the engiive and fly wheel retarded. — 
On the contrary, if the motion be too slow, the weights 
fall down, the lever k L is thrown up — this opens the 
cock— 'the steam is admitted more freely, and the motion 
of the engine and fly wheel is accelerated. 



ST£AM ENGINE. 


163 


Hie force of a steam engine is ttsually esmated by 
comparing it with that of a horse ; thus we^commonly 
say, a 20-horse power, or a 30*horse powder. The 
principles upon which this calculation depends I will now 
explain to you. 

The power of a steam engine depends on the degree 
of compression of the steam, the size of the cyUpder, 
the length of the stroke made by the piston^lM the 
number of strokes in a minute. . 


Let us suppose the diameter of the cylinder to be 
31 inches, that the piston makes 17 double strokes of 
six feet each in a minute, and that the safety valve is 
loaded with nine pounds for every circular inch.— jEbeiP 
the estimate will be as follows : — 


MW. 

The force of the steam per circular inch ...... 9 

The area of the piston in circular indies 51 x 31=z9ei 

Tbe product 8dl9 


is the force exerted by the steam on the piston in pounds’ 
weight. 

Seventeen doable strokes of six feet each =; 204 

Thil; product • • . =:1*764,396 • 

is the power or momentum ef tbe engine in feet and 
pounds* weight. 

The power of a horse to draw is supposed to be equal 
to %i)0 pounds weight, at the rate of miles an hour, 
or 220 feet iu a mitiuie. But 200 x 220 gives 44,000 
for the power of the horse, and dividing 1*764,396, the 
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monietU^ of the engine, by 44,000, the momentum of 
the horse, ^he quotient will be 40 nearly. Stieh an 
engine, therefore, will dp the work of about 40 horses ; 
and, as it may be made to act without intermission, and 
liorses will not work more than eight hours out of the 
24, it will perform the work of 120 horses ; but since 
the, yi’ork of a horse is equal to that of five men, it 
will pei:f«^m as much vrork as 600 men. The expense 
of the coals' used, and of the machinery, in its first cost 
and repairs, is equal to abcmt half the number of horses 
for which it is substituted. 

At first, the only thii^ to which steam engines were 
was the raising of water from coal pits, mines, 
&c. to enable the workmen to proceed with their opera- 
tions ; but they are now used for a thousand different 
purposed in which great power is required. Mr. Boulton 
has applied this force to the machine for coining money, 
which, by the help of four boys only, is capable of 
striking SO, 000 pieces of money in an hour, and the 
machine itself <!:eeps an accurate account of the number 
struck. 
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LETTER XIX. 

Acoustics defined aud explained-^The velocity of So<ind^l>iltMicds 
of Objects aicertained by the velocity of Sound — Condbctore of 
Sounds — Experiments — Of the Echo — Speaking Trumpet^" 
Speaking Fipures^Causes of the variety of Sound8>-*EotiainiS'r^ 
— Smoke Jack-— Winds. « 

From Pneumatics we naturally proceed to Acous- 
tics/’ a science which instructs us in the nature of sounds, 
that are usually conveyed to us by means of the air. In 
the infancy of philosophy, sound w^as held to be a separate 
existence, and brought to the organs of hgariiig, in a 
niilar manner as the sensation of smell is conveyed to 
the nostrils. But so early as the time of Zeno, a dif-^ 
ferent theoiy was advanced; this philosopher asserted 
that bearing is produced by the air which intervenes 
between the thing sounding and the ear.” The air,” 
be adds, is agitated in a spherical form, and moves off 
in weaves, and falls on the ear, in the same manner as 
water undulates in circles when a stone has been dirown 
into it/’ Ttie discovery of the air-pump demonstrated 
that air, in general, was the vehicle of sound, *because, 
ns we baye seen p. 148, a bell will give no sound in 
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vacuOf am^ one rung in condensed air gives a very loud 
sound. But air is not the only medium by which sound 
is conveyed to the ear ; it will pass through water with 
the same facility with which it moves through the air. 

Experiment i. A bell rung under water returns a 
tone as distinct as if rung in the air ; and it has been 
ascf^ftained by naturalists, that fishes have a strong per- 
ceplio&^^jJ sound, even at the bottom of rivers. Hence 
it has been "'inferred that it is not material in the propa- 
gation of sounds, whether the fluid which conveys them, 
be or be not elastic. 

It is 'found, by experiment, that sound travels at the 
of 1142 feet in a second, and that no obstacles 
hinder its progress, a contrary wind, only in a small 
degree diminishing its velocity ; the method of calculat- 
ing its pt ogress is easily understood. When a gun is 
discharged at a distance, we see the fire long before we 
hear tlie sound ; and if we know the distance of the place, 
and the time elapsed between our first seeing the fire 
and hearing tlie report, this w’ill shew^ us exactly die 
tkne that the sound has been travelling to us. If a gun 
a mile off, be dischaiged, the moment the flash is seen, 
the seconds may, by a watch, be counted till the sound 
is heard, and the number of seconds is the time that the 
sound has been travelling a mile. By this means the 
distance of objects, otherw'ine immeasurable, may easily 
be found. 1 bus, if 1 see the flash of a gun in the night at 
sea, and count nine seconds before I hear the report, it 
follows that the distance is 1 142 x 9:S» 10276 feet, OT 
nearly two miles. In the same way, the distance of a 
thunder-cloud is ascertained ; for if the time be reckoned 
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from the moment we see the flash of lightnij^ to that 
in which the thunder is heard, and multiply |pe seconds 
elapsed by 1 142, we get the number of feet between 
our own situation, and that of the cloud. Some late 
observers, 1 ought to tell you, reckon only 1130 feet 
instead of 1142 feet, for the space W'hich sound travels 
in a second. 

Dr. Derham, wlio took great pains in investigating 
this subject, found that all kinds of sound travel at the 
same rate. The sound of a gun, and the striking of a 
hammer, are equally swift in their motions; the softest 
wdiisper flies as swiftly, as far as it goes, as the loudest 
thunder. Smooth and clear sounds proceed from ^pdif^ 
that are homogeneous, and of an uniform figure ; and 
those yvhich are harsh, from such as are of a mixed mat- 
ter and irregular figure. The velocity of sound is to 
that of a brisk wond, as fifty to one. 

It is thought that every substance is, in some measure, 
a conductor of sound ; but it is certain that sound is 
much enfeebled by passing from one medium to another. 

Ex. 1 1 . If a man stopping one of his ears with bis 
finger, stop the other also by pressing.it against the end ^ 
of a long stick, or piece of timber, and a watch be ap- 
plied to the opposite end of the stick or timber, be it 
ever so long, the beating of the watch will be distinctly 
beard ; though perhaps the ticking of a watch cannot be 
beard in the usual way but a few feet. 

£x. in. The same effect will be produced, if he stop 
both his ears with his hands, and rest his teeth or tem- 
ple againsjt the stick or timber. 

Ex. IV. instead of a watch, a gentle scratch may be 
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made at ,one end of a long wooden rod, and the person 
who kee[^. his ear in close contact with the odaer end of 
it wall hear it very plainly. 

£x. V. A person stopping both his ears as close as 
possible will hear the beating of a watch most distinctly, 
if he hold it between his teeth. 

JEx. VI. If a person tie a poker or other piece of me- 
tal OL.^o the middle of a strip of flannel, about a yard 
long, givi.ig the ends a twist round a Anger on each 
hand, and tlieh pressing those fingers into the ears, and 
striking the poker against an obstacle, as a fender, he 
will hear a sound very like that of a large church bell : 
frojrn this experiment it appears that flannel is a good 
conductor of sound. 

The earth is also a conductor of sound : it is said, 
that by applying the ear to the ground the trampling of 
horses may be heard much sooner than it could through 
the medium of air only. 

Sound is the effect which is produced on the ear, by 
the undulations of the air, and according as these undu- 
lations are stronger or weaker, the impression and con- 
sequently the sensation is greater or less. If sound be 
impeded in its progress by a body that has a hole in it, 
the waves pass through the hole, and then diverge on 
the other side as from a centre. But when sound, or the 
aerial waves meet with aji obstacle which is hard, and of 
a regular surface, they are reflected ; and consequently 
an ear placed in tiie course of the reflected waves, will 
perceive a sound similar to the original sound, but which 
will seem to proceed from a body situated in like posi- 
tion and distance behind the plane of reflection, as the 
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real sounding body is before it. Tlris reflec^ sound is 
called an echo. 

If you throw a pebble into the water, waves spread 
from the point on all sides till they reach the margin ; 
they are then thrown back again : the same thing hap* 
pens with regard to the undulations of the air : they strike 
against any surface fitted for the purpose, as the of 
a house, a brick wall, a hill, or even agaiust^ees, and 
are refiected : these refieclions are the causes of an echo. 

Ex. vii. If a bell, fig. 19, be struck, and the un- 
dulations of the air strike against the wall c d, isf a per- 
pendicular direction, they will be reflected in the same 
line, and if a person be situated between a and c,^as at 
X, he would bear the sound of the bell by means of the 
undulations as tiiey went to the wall, and he would hear 
it again as they came back after reflection, which would 
be the echo of the sound, A person, therefore, stand- 
ing at X might, in speaking in the direction of the wall 
c d hear the echo of his own voice. It is found by ex- 
periment that sounds to be perceived very Tlistinclly must 
not follow one another faster than at the rate of 9 or 10 
in a second, that is, at the distance of 1£7 feet* 

nearly from each other ; so that for the echo to be dis- 
tinct the length c x must be 63 or 64 feet at least, *10 
order that in passing from x to c, and returniug from c 
to Xf the distance may be 127*feet, 

If the undulations strike obliquely against the wall, 
they will be reflected obliquely on the other side. 

Ex. via. If a person stand at m, and therp be any 
obstacle between that place and the bell, as at sSj so as to 
prevent him from hearing die direct sound, he may ne- 
] 2 
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verthelessNliear the echo irom the wall c d, provided the 
direct sound fall in that sort of direction as to force the 
reflected nudulations along the line c m« 

At the common rate of speaking we pronounce about 
three syllables and a half, or seven half syllables in a se- 
cond ; therefore, that the echo may return just as soon 
as three syllables are expressed, twice the distance of the 
speaker the reflecting object must be equal to 1000 
feet; for as^sornd describes 1142 feet in a second, ^ihs 
of tliat space, that is, 1000 feet nearly, will be described, 
while si^x half or tliree whole syllables are pronounced : 
that is, the speaker must stand nearly 500 feet from the 
Je : and, in general, the distance of the speaker 
from the echoing surface, for any number of syllables, 
must be equal to the seventh part of the product of 1142 
multiplied by that number: thus, if eight syllables are 
to be repeated, we say X 8rr 1305 feet for the dis- 
tance of the speaker from the echoing surface. In 
churches and other confined buildings we never hear a 
distinct echo of the voice, but a confused sound, when 
the speaker utters h«s w'ords too rapidly ; because the 
c greatest difference of distance between the direct and 
reflected courses is rarely in any church equal to 127 
feet, the limit of echoes. 

From the property of reflection of sounds, it happens 
that sounds uttered in focus of an elliptical cavity 
are heard magnified in the other focus ; instances of which 
are found in several domes, particularly in the famous 
whispering gallery of St. Pauls cathedral in London, 
where a whisper uttered at one side of the dome is re* 
fleeted to the other, and may be very distinctly heard. 
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Hence we see the principle of the speaking and hearing 
trumpet ; for when we speak in the open air^^e efiEect 
on the ear of a distant auditor is produced jperely by a 
single pulse of the air; but when we use a lube, all the 
pulses propagated from the mouth except those in the 
direction of the axis, strike against the sides of the tube, 
and every point of impulse becoming a new centre, from 
whence the pulses are pri|»agated in all directions, a 
pulse will arrive at the ear from each of those points. 
Thus, by the use of a tube a greater number of pulses 
are propagated to the ear, and the sound is* consequently 
increased. Or it may be that by instruments of this sort 
sound is, as it were condensed, for all the wave% that fly 
off from the sides of a sounding body, are by th^trmn- 
pet condensed into one, which makes its force so much 
greater. 

An umbrella, held in a proper position over»the head 
may serve to collect the force of a distajut sound by re- 
flection, in the manner of a hearing trumpet, but its 
substance is too slight to reflect any sound perfectly, 
unless the sound fall on it in a very ol)}ique direction. 
The exhibitions of speaking figures, and of the invisible 
girl, are performed by conveying the sound through pipes 
artfully concealed, and opening opposite to the mouth of 
a trumpet, from which it seems to proceed. 

We have already seen that pendulums of equal length 
move in equal times, though they pass through different 
arcs, that is, fig. ^0, if the pendulums a b and c n are 
equal, the time of passing through £ f is equal to that 
of passing through o H : and the vibratiou of the string 
1 K, fig. ^1, may be considered as a double 'pendulum, 
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oscillalifig from the points K and i, the vibrations of 
which from the greatest to the least are performed in the 
same timei^^ which is the reason why a iniisical string has 
the same tone from the beginning of tlie vibration to the 
end. The tone of a soond depends on the time that tlie 
iiOpression dwells on the eor, or the lime that the string 
vibrates ; thus the longest strings have the longest vibra- 
tions, and produce the graved sound : the shortest strings 
have th? shortest vibrations, occupy less lime, and have 
the sharped' ::ound. 

There are “three principal causes of the variety of 
sounds: (!) the greater or less frequency of the vibra- 
tion of senorous bodies ; (2) l!ie quantity or force of the 
particles ; and (J) the greater or less simplicity 
oi the sounds: hence are derived the height, strength, 
and quality of sounds. 

If u rope 30 or 40 feet long be stretched pretty tight 
between two points us a and b, fig, 22, and struck suiait- 
ly with a stick, the whole rope will not vibrate from end 
to end, but there will be found several i^ill places in it, 
between which tjie parts of the rope will vibrate, as from 
a to c, and from c tod : the distance of these stationaiy 
places is always an even part of the whole rope ; as from 
a to is half, fiom c to d one fourth, and so on. 

Hence the fine sounds produced by the Eoliaii harp ; 
for though there be many strings, and all tuned in uni- 
son, yet we hear not only* the natural sound of each 
string, but its^ octave, fifth, third, twelfth, &c. The 
current of air striking upon these strings may be con- 
sidered a violin bOW, and thus each string is divided 
into a number of imaginary bridges, to wliich it has a 
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natural tendency. Hence every string beconjes capa- 
ble of several sounds : if every string were of tbe same 
lengthy magnitude, and tension^ the vibrafions would 
uniformly coincide, and produce perfect unison. If the 
strings were in proportion of 2 to 1 ; that is, if the shor- 
ter string is half the length of the longer, and makes 
two vibrations, while the shorter makes but one : these 
are called octaves. If tlie vibrations be to one another 
as 2 to 3, the coincidence will be at the d^ird of the 
shorter string, and in music it is calledVnfih. When 
two strings of equal lone are placed near one another, on 
striking one, the pulse or undulatory motion of the air will 
produce a sympathetic sound in the other. So in the Eo- 
lian harp, if only two of its strings are in unisoii^ and i 
piece of paper be hung on on© of them, all the oll.'r strings 
may be struck without effect ; but when the unison string 
is struck, the paper instantly leaps off from the other. 

Wind you know is air in motion, and whatever excites 
that motion, will produce wind. There are probably 
n»any causes which conspire to produce the effect, but 
the heal communicated by the sun is thd principal. Heat 
expands all bodies; it therefore rarifies tlie air, and 
makes it lighter : but as you have seen, the lighter fluids 
always ascend, and thereby leave a partial vacuum, to- 
ward which the surrounding heavier air presses, with a 
greater or less motion, as the degree of rarefaction or 
of heat which produces it, *is greater or less. 

Ex. IX. Take a lighted^w^ax taper, or candle, and 
hold it at the bottom of the door of a room in which 
there is a fire ; then hold it at the top, and aflerwwds 
about the middle, and you will find that at the bottom 
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the flame is brought into the room ; at the top it rushes 
out ; and in the middle it is nearly or wholly stationary, 
having no tindency either way. 

The reason of this experiment is, that the beat of 
the fire rarifies the air, which ascends, leaving a partial 
vacuum at the lower part of the room; to supply the 
deficiency, the dense air rushes in at the bottom, driving 
the idame of the taper inwards, and the lighter particles 
are driven put at the top of the door by the pressure of 
the heavier ones .^rom beneath. 

The smoke jack, as it is called, depends on this prin- 
ciple ; it is worked by means of the current of air con- 
stantly ascending the chimney, which current is pro- 
fltteed4^by the heat of the fire, and not by the smoke, 
and striking against the leaves of a sort of ventilator, turns 
the chain, spit, &c« 

Wind then is a current of air generally produced by 
the heat of the sun, and its direction is denominated from 
the quarter from which it blows ; thus when it blows 
from the north or south, we say it is a north or south wind. 

Theie are usGally reckoned three kinds of winds, in- 
dependently of the names which they take from the 
|je)ints of the compass from which they blow ; these arc 
thf constant, or those which always blow in one direc- 
li(m the periodical, or those wliich blow six months in 
one direction, and six in a contrary one j and the variable, 
which appear to be subject 'lo no general rules. 

lyfThe constant winds are found in that large tract 
on the globe, that lies between 28“ or 30“ north and 
softlh of the equator, they follow the apparent course of 
the sun which is always yertical, or nearly so, to some 
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part of this tract of our globe, and since the wind fol- 
lows the sun it must blow in one direction, or easterly. 
These constant winds are likewise denoinihated trade-- 
winds. 

The periodical winds prevail in several parts of the 
Eastern and Southern oceans, and depend on the son ; 
for when that body is north of the equator, that is, 
from the SQth of March to the 20lh of September, the 
wind sets in from the south-west, and the remainder of 
the year, while the sun is south of the equator, the wind 
blows from the north-east. These are called ** the Mon- 
soons,” or shifting trade-winds, and they are^of much 
importance to those who make voyages to the East 
Indies. 
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LETTER XX. 

Opti»— Light— Velocily of light— lu motion— Refraction of Light 
expiaiiied— Goi»e<tiie&ce8 and, Advantaget of Refraction— Bute 
taining^ Kxperiments. 

^ lN'*ihe science of optics every thing depends on light, 
v^’hich is supposed to consist of inconceivably small par- 
ticlesi thrown off from a luminous body, with great ve- 
locity, in all directions. They diverge in right lines till 
they are inflected by the attraction of some other body, 
or refracted by passing obliquely through u medium of 
different density, or reflected by the intervention of an 
opposing body, and therefore, the particles of wliich 
light is composed being governed by the power of at- 
ctraction, in the same manner as the particles of other 
matter, it has been inferred that they also are material, 
^ey must, however, be indefinitely small, from the 
circumstance of their penetrating the densest bodies, 
such as glass, the dianfond, See., and also from this 
circumstance, that the greatest number of them that 
can be collected, are not found to have any the small- 
est seniuble we^ht. 

It is evident that the rays of light are emitted in right 
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iioes, from the shadow whkh is thrown belaud those 
bodic/on which they fali^ as the correspoij^tiig parts of 
the substance aed shadow form right hiies with ihe ttty. 
Besides^ light wilt not pass througli a bended tube. 

It was formerly supposed that the velocity of l^t was 
instantaneous, but it has been one of the discoveries of 
modern times, that notwitfastandiog its swiftness |$ so 
great as to prevent its passage from one visible object to 
another from being maHced by any difierfnce of tkne, 
yet its motion is certainly progressive, ancf at the rate of 
200,000 miles in a second of time. For it is observed 
that the eclipses of Jupiter^s, moons vatry abdbt 16 mi- 
nutes of time in certain positions of the earth in its orbit,^ 
being eight minutes sooner than the calculated time, 
when the earth is nearest the planet, and eight minutes 
later than the tables when the earth is in the opposite . 
part of its orbit. 

Lets, hg. ], Optics, Plate 1, be tbe sun from which 
the taldes are made, and A b c the earth’s orbit ; n Ju- 
piter, and n one of his satellites eiUegng his shadow. 
An observer at the sun would find the time of his im- 
mersion coincide with the tables, but to a person at a 
it will take place eight minutes sooner than at s, and to 
one at c it would be eight minutes later ; hence it is inferred 
that the rays of light are 16 minutes in passing through 
A c, the orbit of the earth, Qr B minutes in passing from 
the sun to us, or 95 millions of miles,* which is at the 
rate of 200,000 per second nearly ; this is about a mil- 
lion and a half times faster than the velocity of a cannon^ 


* 95,000,000 -r 8X00=200, 000 nearly. 
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boll, which may be supposed to go at the rate of eight 
miles in a minute. 

Notwithstanding this velocity, which surpasses every 
effort of the understanding to comprehend, philosophers 
have conjectured that there may be stars, which, we 
shall show in a future letter, are suns to other worlds, 
so distant from us that the light proceeding from them 
has not yet reached the earth, though it has been travel- 
ling at the Tine* of 200,000 miles per second from the 
first creation of all things.^ 

The particles of light move in all directions, without 
appearing to jostle one another in their course. 

Experiment i. Take a sheet of brown paper and 
make a small hole in it with a pin or needle, and look 
through it, you will see numerous objects almost us well 
as if no paper were interposed between them and the 
eye. Now as we only see objects by means of the rays 
of light which flow from them, the rays that come from 
a landscape, for instance, seen by looking through the 
itmall hole in the paper must come in all manner of di- 
rections at the same time. 

Ex* H. If a candle be placed on an eminence in a 
dark night, it will illuminate a space for half a mile 
round ; in other words, there is no place within a sphere 
of a mile in diameter, where the candle cannot be seen, 
that is, where some of the rays from the small flume 
will not be found. These will be stronger or weaker in 

The young aritlimetician may calculate the distance wliicii a ray 
of light will have travelled at this rate from the creation to the pre- 
sent time, allowing 4001 years to have elapsed from AUatn to the 
ol Christ, and 1821 years since. 
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proportion as the distance from the candle is less or 
greater^ For the intensity or degree of light decreases 
as the square of the distance from the lumitfous body in- 
creases ; that is^ the light from any luminous body, al 

2, 3, 4 yards, miles, &c. distance, will be diminished 
in proportion to the squares of those numbers, or as 1, 4, 
9, 16, in other words, the light of a candle will be 4 
times less at the distance of two yards than it is at a yard 
distance only, and sixteen times less at ^y^rds distance. 
It is the same with regard to the ligM from the sun; 
thus the planet Saturn is nearly 10 times as far distant 
from the sun as the earth, therefore it will receive only 
one hundredth part of the light and heat of the sun that 
we enjoy. Again, the Herschel planet is lwnce®lhe dis- 
tance of Saturn from the sun, and will of course enjoy 
only the fourth part of the light and heat \vhich that 
planet experiences, or the ^^ih part of what we enjoy. 

By a ray of light’’ is meant one of the particles of 
light in motion, and its motion being rectilinear 4s pro- 
perly represented by a straight line. But the rays of 
light are subject to the laws of refraction and reflection. 

If the rays of light, after passing through a medium 
enter another of a difTerent density perpendicularly, th^ 
proceed through this latter medium in the same direc- 
tion as before ; but if ll)ey enter the second mediiijii in 
an oblique direction, they are bent out of their course, 
and this is called refraction. 

Ex, HI. Suppose A B, fig 2, to be a piece of glass 
an inch or two thick, and a ray of light, $ et, to fall upon 
it at a, it will not pass along the line s s, but will, at a, 
be bent out of its course towards the perpendicular, and 
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proceed to x. l^ut a ray, v c, would proceed straight 
on to bf because in this case there is no refraction. 

Rays of light mdy pass from a rarer to a denser 
diuin, as from air into glass or water ; or they may pass 
from a denser into a rarer, as from water into air. 

When a ray of light passes out of a rarer into a denser 
medium, it is, as we have seen, drawn nearer to the 
perpendicular. But when it passes from a denser me- 
dium into one more rare, it moves in a direction farther 
from the perper.dicular ; thus, if the ray x a pass from 
glass or water into air, it will not, when it comes to u, 
move in the direction a m, but in the line a s, which is 
farther than a m from the perpendicular up. You will 
not foiget that we see eveiy thing by means of the 
rays of light which proceed from them/^ 

Ex. IV. Take a common upright earthen pan, and 
on the bottom, place a shilling, with a small piece of 
wax to keep it from slipping, now move backward till 
the side of the pan deprive you of the sight of it ; let 
another person pour water into the pan, and you will im« 
mediately see the shilling. 

This experiment is easily explained by the figure just 
referred to ; conceive your eye at s, and a a the side of 
the pan, and the piece of money to be at j: ; now, when 
the pan is empty, Uie rays of light flowing from x, must 
go in the direction xam^ at least they cannot pass in 
the direction cr s, of course the side a a prevents an eye 
at s from seeing the spot x. But as soon as water is 
poured into the vessel, the rays of light proceed from 
X to o, and there, entering from a denser to a rarer me- 
dium, they will be bent from the perpendicular into the 
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line a s, and the eye at, s will aee the shilling at or 
rather the rays of light proceeding from it, and it will 
appear to be situated at pr a little higher tlAn n instead 
pf^r. ;- 

It may seem strange that though the shilling has not 
moved from x that it appears at but it is an, axiom in 
optics, We see every thing in the direction of that line 
in which the rays approach us last/' * 

£x. V. Take two looking-glasses and glace a candle 
before one of them, so as that the image .of the candle 
may be reflected to the other, and if you look into that 
glass you will suppose the candle behind it^ because 
ibis is die direction whence the last rays come to the 
eye. • * 

from the fourth experiment we learn the reason why 
an oar always appears bent in the water ; for if m a 
were a straight oar, it would, in water, appear bent like 
m a Ui and raised higher in the water than it really is ; 
it is on this account that a fish in a pond, river, 8cc. ap* 
pears nearer the surface than it actually isf and for die 
same reason, any water will appear tcP be much sbal* 
lower than it is. This is, a fapt diat ought to be gene- 
rally known by young persons, who, without being able 
to swim, may venture, at the risk of their lives, in 
water six feet deep, thinking it only between 4 and 5 
feet ; for the bottom, where the water is clear, always 
appears one-fourth nearer the surface than it really is. 
By carefully attending to the experiment of the shilling 
and pan you will see the money rises apparently in the 
water, as well as it changes its other relative position. 
To the principle of refraction tve are indebted for 
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many advantages that we daily and hourly enjoy, but for 
which we are rarely so thankful to a beneficent providence 
as we ought. The sun is seen before he conies to the 
horizon in the morning, and after he sinks beneath it in 
an evening, bj the refractive power of the atmosphere, 
by which our da^ s are lengthened and mir eyes preserved 
from that dazzling splendour which must be highly in- 
jurious to them if we passed immediately from darkness 
to the glare ^of the sun, which would be the case if there 
were no atmosphere. 

Hence we never see the sun and moon in the places 
where they really are situated, they always appear higher 
than they are, as the oar does in water ; thus, a person 
standing at o, fig, S, would see the sun rise at b when 
it w^as in reality only at c ; if at a he had the sun in his 
zenith, he would in that case see him where be really is, 
for bis rays would coma perpendicularly through the at- 
mosphere, but that never occurs in this country with re- 
gard to the sun and moon. 

Ex, VI. Take a glass goblet half full of w^ater, throw 
a shilling into it, and then, having placed a plate over it, 
let it be quickly inverted. A bye-stander, unacquainted 
^'with the laws of refraction will suppose that he sees a 
shilling and half-a-orown, the former is seen by the rays 
after refraction at the surface, the latter is seen by means 
of rays coming through the water at the side of the glass, 
and therefore the image is magnified ; the reason of which 
you will hereafter readily understand. 
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Description and Uses of Lenses — ^Tbeir effect — Method of fioding* 
the Focus of a Lens— Barntitg-glasses described^ with the Ef- 
fects produced by them— Experiments— Imaginary Focus de- 
fined — Axiom in Optics — Image byKefiectors when formed — 
Anamorphoses. 

I SHALL now, my young friend, describe to you the 
different kind of lenses made use of in optics. ^ A lens 
is a glass ground into such a form hs to collect or disperse 
the rays of light which pass through it. A plano^towotx 
lens has one side flat and the other convex, as a, flg. 4* 
B is a plano-concave lens, having one side flat and the 
other concave. A double-convex is convex on bofli 
sides, as c. A double concave lens is concave on both 
sides, as D. A meniscus is convex on one side and con- 
cave on the other, as e, of which a watch-glass is an 
example. * 

The axis of a lens is a line passing through its cen- 
tre ; thus F G is the axis to all the several lenses. The* 
effect of these several kinds of lenses is to cause the rays 
of light that pass through them to converge or diverge. 

Rays are said to converge when they continually ap- 
proach to each other ; thus, f!g. 5, the parallel rays a a ; 
bb; mm falling upon the plano-convex lens cxdj ap- 
proach each other till they meet in c. But if a candle 
be placed at c, before a small hole, then tbe rays in going 
to the side of the lens end, w ill recede from one another 
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that is, they diverge. The point c in optics is called the 
focus. 

I will explain the manner in which the focus is found 
in those kind of lenses which are chiefly in use* To 
begin with the most simple. Parallel rays falling upon 
a plano-convex lens meet at a point behind it, the di$« 
tance of which^ from the centre or middle of the glass, 
is exactly equal to the diameter of the sphere, of which 
the lens is only a portion ; thus in fig, 5, a circle is made, 
in which the lens, cxdri, will fit, and therefore c is the 
focus. 

The reason of this is obvious ; for rays of light passing 
out of a rarer to a denser medium incline to the perpen- 
dicula** ; therefore the rays a a, bb, &c. passing from 
air into glass, must incline to the perpendicular, c x b, 
till they all meet in c, and if nothing be at the point to 
stop them they will cross each other, and ihe^ perpen- 
dicular c X b* 

The distance of the focus of parallel rays, of a double 
convex lens, is equal only to the radius of the sphere, see 
fig. C ; for iwc convex surfi^es must have double the 
effect in refracting rays that a single one has ; aqd as the 
, latter brings them to a focus at the distance of the dia- 
* meter, the former will do the same at half that distance, 
or of the radius. 

A common burning glass is a double convex lens and 
acts upon this principle, Aat all the rays of the sun, 
which fall perhaps on a surface of three or four or more 
square inches are by means of the convexity brought to 
a pointy; of only ^ or ^ of an inch, so that the beat at 
the focus will be 10 or 100 or *1000 times as great at 
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the focus as it is at the stirfacei according to the size of 
the glass. The boat collected by very large burning 
glassesi as that made by Mr* Parker for Priestley, 
is such that nothing can withstand. This glass was 
nearly three feet in diameter, and it produced a heat 
that melted iron plates in a moment : all resinous sub- 
stances it instantly melted under water ; and a variety of 
other substances it changed into transparent glass. The 
heat produced by ibis lens fused 20 grains of gold in 
four seconds ; of silver in three second^:* tSn grains of 
platina in three seconds, and as much flint in thirty 
seconds. 

If the parallel rays at b, fig. 6, fall on the double con-^ 
vex lens, they will converge and meet inf, where they * 
will cross one another, and diverge: and if another con*^^ 
vex lens f o be $o placed as to receive the diverging rays, 
they will be made to converge, and then proceed out of 
it in parallel lines b c. 

If a candle be placed at^, the focus of the convex 
glass, the diverging rays in f f g or D y* E will be so 
refracted by the lenses, thil after going out of them they 
will become parallel again. But if the candle be at g, 
fig. 7, the rays will diverge after tiiey have passed through 
the glass, and the divergency will be greater or less in * 
proportion as the candle is more or less distant frou^tbe 
focus : and if it be placed fartlier from the lens than the 
focus, as at g, fig. 6^ tlien4he rays, after passing the 
lens, will meet somewhere as at x; and this point will 
be more or less distant from the glass, as the caudle is 
nearer to, or furtlier from its focus, and where they meet 
they will form an inverted image of the flame of the 
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candle, because that is the point in which the raj^s^ if 
they are not stopped, cross each other. 

£xp£BI|4ENT. 1 . These things may be shewn to 
the senses by means of a common burning glass, which 
A B, fig. 8, w^ill represent ; and if the candle be at g, 
the inverted image of it may be taken on a piece of 
writing paper, held at x. And if the candle be brought 
nearer to f, the image at x will be carried farther off. 

The general rule for findkig the place of the image or 
picture of an cbject is this, supposing the focal distance 
of the glass to be known : 

“ Multiply the distance of the focus by the distance 
of the object, and divide the product by their difference, 
the quotient will be the distance of the picture. 'Hms 
if the focus of a glass be six inches, ami an object be 
placed at 15 inches distance, the picture will be found 

to be 10 inches. * 

The picture will be as much larger or less than the 
object, as its distance from the glass is greater or less 
than the distance of the obje^ : which may be thus ex- 
plained : 

Ex. n. Let a b c, fig. 9, be any object, as an arrow 
.placed beyond the focus f, then rays from every part 

* Hence the reason why, when the candle is placed in the focus 
of tlse lens, the niys go out parallel ; became, then the difference of 
the two qiiaiitilies mentioned in the rule is o, or nothing; and any 
quantity divided by o gives an infinitely large number ; thus 1 divid- 
ed'by » give 3 : divided by gives lO, and as the divisor diminishes, 
the quotient inereasea, so that when the former is infinitely small, or 
nothing, the latter is infinitely large, or the lines do not converge 
till at an infinite distance, that is, they never meet—in other words, 
they are parallel. 
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will flow from it, as represented in the three points 
A, B, c, and in passing through the glass ^ey will be 
refracted, and meet in the points a b c : viz. the rays 
that flow from A are brought to a focus at a ; those 
from c at c, and the rays flowing from the intermediate 
points between a and c are brought to their different foci 
between a and c* Now, if the object a b c is brought 
nearer to the glass, the picture will be removed to a great- 
er distance, and will increase also in mjgitttude : when 
the distance b jr=:b r, then the object and picture will be 
equal to one another ; hut if b a.' be greater than b then 
the picture is larger than the object. ^ In all ca$es/\o obtain 
a picture or an image, the object must be beyond the 
focus F, for, if it be at f, then the rays will go out of 
the glass parallel to one another as in fig. 6 : and if it be 
nearer, as in fig. 7, then the rays will go out diverging/ 
and in neither case will a picture be formed. 

There are also concave lenses^ as you have seen, and 
the refraction occasioned by these is very different from 
that by convex glasses. • 

Ex. 111 . Suppose the parallel rays abed, 8cc. fig. 
](), to pass through the double concave lens a, b, they 
will diverge after they have passed through the glass, and* 
precisely so much, as if the rays had come from a radiant 
point X, which is the centre of the concavity of the glass. 
This point is called the imagiiiary or virtual focus. The 
ray a after passing through the glass a b will go on in the 
direction g h, as if it had come from x, and no glass in 
the way : the ray d would proceed along r t in the same 
manner, and so of the rest. The centre acx suffers no re- 
fraction, but proceeds precisely as if no glass had been 
interposed. 
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If tlie Iciis liad been concave only on one side, and 
Bat on the other, the rays would have diverged after pass- 
ing through it, as if they had come from a radiant pointy 
at the distance of a whole diameter of the convexity of 
the lens. 

Hence you will observe, that Iheybci/s of a double 
cdpvex lens is at the distance of the radius of convexity, 
and so is the imaginary focus of the double concave : the 
focus of a pbno-convex is at the distance of the diameter 
of the convexity, so likewise is the imaginary focus of 
the plano-concave. 

We ctyme now to reflected light. When rays of light 
^ strike against a surface, and are sent back from it, they 
are said to he reflected. The ray that comes from any 
luminous body and falls upon a reflecting surface is cidied 
•the incident ray ; thus the rays, s a or v a, fig. 2, fall- 
ing upon the reflecting surface a o, is called the incident 
ray. 

Ex. iv. When the ray, as p falls perpendicularly 
on the surfac^. it is reflected back again in the same 
line ; hence if a person stand before a looking glass he 
sees his own image, because the rays proceeding from 
*'him to the glass come hack again to his eye in the same 
line. 

Ex. V. When the ray, as s a, falls obliquely on the 
surface, it passes off in the direction a b, making the 
angle B a z equal to s a z : hence a looking glass being 
placed at the end of a room, a person sitting or statiding 
on one side of the room will see in the glass the furniture 
of the opposite side : that is, if A b be a looking glass, 
and a person sit or stand at s, he will not see his own 
image in the glass, but will see the image of the point k. 
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and a person at b will see Uie image of the objects 
at a. 

You may regard it as an nudeviating maxim, that 
the angle of incidence is always equal to the angle of re^ 
flection^ whether it be mth regard to plane or spherical 
surfaces^ concave or convex* 

Ex. VI. When a person stands before a looking 
glass, he sees the image of himself apparently as Tar 
behind the glass as he stands before it : for it is the dis- 
tance that the ray travels backwards and iTc^wards which 
ascertains the distance of the image from the object ; 
thus, a man at A c, fig. 11 , standing before a looking 
glass, a by will see the image of himself at b d : foi* the 
,ray passing from his eye to a is reflected backmgain in"* 
the same line to the eye, and has travelled through a 
distance equal to twice Aazza b, tlie ray proceeding 
from the foot c, falling obliquely on the glass^ at 6, is 
reflected along the line 6 a to the eye : here the distance 
which the ray travels is c 6 + 6 a, therefore the image of 
c will be seen at n. (1) because a n is equal to 
A ft -f- 6 c : and (2) because, we see evAy thing in the 
direction of that line in which the rays approach us last; 
for the image of c being reflected to the eye through tho 
line ft A, we must see it in the direction of the line 
A ft D, or at D. The same may be proved of the inter- 
mediate parts between a and c. 

Hence, by referring to thb figure, you will readily un- 
derstand why a person may see a perfect image of him- 
self in a looking glass only half as high as he is tall, and 
the thing is easily proved by a theorem in geometry ; for 
since a b is equal to twice A a, therefore B d, or its 
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equal a c, is equal to twice a z, which is the' part of the 
glass by which the rays of light are transmitted to the 
eye. ^ 

If you mote forwards and backw’ards before a look* 
ing glass, the image of yourself seems to approach and 
recede, but with double the velocity of your own mo- 
tion ; because the eye will be affected with the motions 
of the abject and its image, which are equal and con- 
trary. ^ ^ 

Ex. vii. «In looking at the reflection of a candle in a 
looking glass, if w^e stand u little sideways, we see two 
images, weaker than the other ; which is occasioned 
by reflections from the upper and under surface of the 
glass-^the former giving the faint image, and the latter, 
or the silvered part, the vivid one. 

In reasoning on these subjects, we say the linage is 
formed behind the reflector, because the reflected rays 
come to the eye precisely with the same inclination as 
they would if the object itself were actually behind the 
reflector. The image, how'cver, is not so vivid as the 
object; because, though a plane mirror, or looking glass, 
is, in theory, supposed reflect all the light which falls 
^ipon it, yet, in practice, nearly half the light is found to 
be lost on account of the inaccuracy of the polish. 

Rays of light coming from the sun are supposed to be 
parallel to one another ; and on this supposition we build 
our theory of reflected light by means of spherical mir* 
rors. 

When parallel ra}s fall upon a concave mirror they 
will be reflected, and meet in a point at half the distance of 
the surface of the mirror from the centre of its conca- 
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If tbe pamiiel ray% ah, o md, and ef^ %• 
fall upon the concave mirror A n, then a b will be re*> 
fleeted along bm; c d will be reflected alqiig d 
ef tiXoJxgfm, and therefore they all meet in m, and md 
19 found to be equal to m c or tbe half of c d* 

Since the rays proceedii^ from any celestial olyect 
are parallel^ the image of the sun, star, 8 lc.> mil be 
found at m, half way between the mirror and its cerftre 
of concavity, and the image will be inverted with re- 
spect to tbe object, because tbe rays cfo|s each otb^r. 
And it is a general rule, that when the image of aii ob« 
ject is formed by a speculum, if the rays, after reflee*'*' 
tion, converge to an actual focus, the image is inverted ; 
and, therefore, as in tbe instance when they converge to ' 
the point m, the image is inverted and less than tbe ob- 
ject, as will be evident by iig. 13, where a represents the 
actual image of the candle b, formed by the* concave 
mirror c. 

If tbe rays diverge from a vertical focus, the object 
will be erect, and at the centre of tbe speculum, tbe ob- 
ject and image subtend equal angles ; but"if the object b, 
fig. 14, be nearer the speculum than the centre of con- 
cavity, then the image a will not only be erect but mag-« 
nified. 

Hence the rays which proceed from a remote tesres- 
trial object m e, fig. 1 5, will, after reflection, converge 
at a little greater dist||nf:,eihatf half way between the mir- 
ror and the centre of aDbeavity, and the image will be. 
inverted with respect to the object. 

If the object M £, ipove to the centre c, the image 
and object coincide ; hence ll^ follow ing experiment : 
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Ex. VIII. If you stafid before alarge concave inuTOfi 
b4yc»id its cen^e of , wiH see an feverled 

image of yoafaelf aospended/ as it were^ in the air^ and 
by extending toiH'afds tbc? mirror, the bmd of 

the image wiB c<^e and coincide with it But 
tbrt^ your band beyond the cexvtre of concavity the iin%e 
wBi ^$s beyond it, because a$ the ofc^ct m E in the 
fighre moves beyond c towards ibermirror, the image e 
m moves beyond € from the mirror; 

A convex, mirror always forms a virtual image of a 
real object vihich is erect and smaller than the object 
a; figur^j 14| may be considered as a candle before a 
convex mirror c, and b wiH be the image. Yon will 
perceive that the image is formed behind the glass, and 
as a person walks towards a convex spherical reflector, 
the tttiage appears to walk towards him, constantly in- 
creasing in magnitude till th^ touch each other. 

There are other reflecting surfaces besides the plane, 
the regular convex, and the regular concave, and the 
images formed by them are called anamorphoses ; these 
are produced vrom cylindrical concave mirrors, and as 
the mirror is placed upright or on its side, the image of 
•the picture is distorted into a very long or very broad 
image. If a regular figure be placed before au irregular 
reflector tlie image will be deformed ; but if an object, 
as a picture^ be painted deformed, aiiAagreeably to cer- 
tain rules, the image wii| a|]pear regular. Such %ures, 
and reflectors suited to them, nre readily obtained at the 
shops of most of our op^ians. 
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Light, of ttliat oomposed— diflifrraiit refrangibiliiy of the fayiJ— K«i* 
periments with the priflm<«-*the ][|ainbow explained— Strnoie^ of 
the Eye— Ufteitof(heievera) Part®— why Objects are seen erect— 
Causes of iodUtioct TutOQ pointed oat, 

• • 

• • ^ 

W E have hitherto considered light as a simple body ; 
and have supposed that all light in passing out of one 
medium into another is equally refracted in tfTe same or 
like circumstances. Such was tlie general opinion^ till * 
the discoveries of the immortal Newton, who in the 
course of his investigations found that light is not a sim- 
ple hoQiogeiieous body, but is compounded ot different 
species, distinguished from each other by their colours , 
and that each species suffers a different degree of yefrati- 
gibility, in passing out of one medium into another, and 
excites also in the mind the idea of a different colour 
fiom the rest. It is also known by the most decisive 
experiments, that those rays which are most refrangible^ 
are likewise most rt flexible, or most easily turned back. 
In Ollier words, the sun ^ light consists of rays which 
have a considerable inequality of refraction as they are 
transmitted through the medium of the atmosphere, and 
impress a sensation of colours as they are more or less 
bent 111 their course, which we call violet^ indigo^ blue^ 
green, yellow, orange, and red. The latter or red rays 
are the least refrangible, and the violet the most refrangi-* 
bltr, and the inttrmcdiate colours have also intermediate 
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degrees of refrangibiljty. These arc all the primary co^ 
lours in nature ; some writers^ indeed would reduce the 
seven to thrie^ namely to the red^ the green, and the 
violet : but whether they be three, or seven, it is certain 
that all other tints whatever are produced by the mixture 
of these. Whiteness is produced by a copious reflec* 
lion and due proportion of all the colours ; and blackness 
proceeds from the peculiar quality of a body which stifles 
and absorbs the rays of light that fail upon it ; so that, 
instead of reflvctiog tliem outwards, they are reflected as 
it were inwards till the incident rays are Jost. 

The principle of colours may be illustrated and ex- 
^plained by means of a glass prism, which is a solid piece 
of glass, with three flat sides, through w bid) the sun s 
rays are refracted. 

Expefiment 1 . If a ray of light s, fig. l6, be ad- 
mitted into a darkened room, through a small hole in 
the shutter x its natural course is along the line sd; 
biitaf the glass prism a b c\y& placed to receive the ray, 
it will be bent upwards, and if it be taken on any white 
surface, m jn, ft will form an oblong image p t, the 
breadth of which is equal to the diameter of the hole in 
die shutter. Itr-^is oblong you will observe the seven 
colours, viz. the red at the bottom, w hich is least bent 
out of its ccMf'se, then the orange^ yellow^ &c. till you 
come to the violet^ which i« the most refrangible, or 
that u hie h is most bent out of ks course. 

If the ray had been of one colour only, it would have 
been equally bent upwards, and made only a small circu- 
lar image. But since the image or picUire^is oblong, it 
^is inferred that it is formed of parts differetuly refiangi- 
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bie, some of which are turned mcrre out of (he wej then 
others^ those whidi to the upper part of theepeotriuii 
being, as we have seen, the most refrangtSle, and those 
whicli go to the lowest part, the least refrangible. If 
the spectrum be receiv^ on a perforated plane, so that 
the simple colours may be allowed to pass each distinctly 
through the hole, it will be found that they still premve 
their colour though they are refracted by another prism 
upon some other surface; ^ , 

If the prism be so placed that the ra^of<light proceed- 
ing from s, pass through the hole in the shutter as to be 
reflected, the violet rays will be the first reflected, and^ 
the red the last. » ^ 

There is a remarkable analogy between colours and 
sound, for the divisions of the uncompouuded colours 
on the spectrum agree exactly with the different divi* 
sions of a musical chord. The divisions on the spec- 
trum are in the following proportions ; supposing the 
whole divided into 3tk) parts, the red will occupy 45 
paits^ the orange 27, the yellow 48, the green and blue 
fiO each, the indigo 40, and the blue 80; 

Ex. 2. If a circular surface be divided into 360 parts, 
and painted according to the proportion just mentioned; 
and then a quick motion be given to it, the whole wilt 
appear of a dirty while ; and if the colours were more 
perfect, the mixture of them by ibis chcolar motion 
would give a more perfect white also. 

From the refraction and division of the rays of fight 
into their original primary colours by means of drops of rain, 
which act as so many prisms, the rainbow is produced. 
Ex. ill. If A, fig. 17, be a drop of rain, and s d a^ 
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Tzy from the suti falling upon^ or enieriog it at d, it will 
not go to c, but be refracted to w, where a part will go 
out, but a pftrt also will be reflected to where it will 
go out of the drop^ which acting as a prtam^ separates 
the ray into its primitive colours : the violet will be up- 
permost and the red the lowermost. The ray s d, if 
uninterrupted by the drop a, would proceed to c, but by 
the refraction at d, the reflection at and the refraction 
atr/, the rays, are sepaiated into the |>rimitive eolonrs, 
the violet ray x'q extended to makes an angle with 
s r of 40® •* 17^ and the red ray g q, extended to f, 
makes wrCh s / an angle of and the other 

^coloured rays will be found somewhere between these. 

The situation of the rain<bow varies according to the 
height of the sun : that is^ the higher the sun the lower 
the rain-kow. You will frequently observe two rain- 
bows at the same time : the strong and vivid one, which 
is formed in the w ay now explained ; and the other fainter, 
which 18 formed by two reflections and tw»o refractions ; 
thus if the ray x r enter the drop at r, it is refracted to 
s, where it is reflected to I, and from thence again reflect- 
ed to u, where it comes out of the drop, and is divided 
into its primaiy rays, the violet being tbe lowest, and the 
red ray the uppermost. 

The same circumstances take place with respect to a 
whole jdiower, which has been shown with regard to a 
single drop, and by the constant falling of the rain the 
image is preserved perfect. In figure 18, we have a 
representation of the two bows. Tbe rays come in the 
direction s a, and the spectator stands at e, with his 
back to the sun, in other words, to see a raiu-bow we 
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must be situated between tbe suu and the shower, of 
which it is formed. 

Artificial rain^bows may be exhibited wilh a common 
wateringrpot, or with a syringe fixed to an artificial fouiir^ 
tain. It is often seen m cascades, and even in the foam 
of a rough sea. The colours observable on soap-bubbles^ 
and the halos which sometimes surround the moon, ^ are 
to be referred to tbe same origin. 

I will now call your attention to the^structure of the 
eye, and the uses of its several parts in vision. It is of 
a globular form, and composed of three coats, covering 
one another, aud inclosing different substances, called 
humours. The three coats are the sckrotica, the cho-^ 
roides, and the retina: and the three humours are 
the aqueous f the crystalline, and the vitreous* Thus, 
fig. 19, A B c 0 E, represents a section of the eye; 
the three concentric circles, the three coats ; the ex- 
ternal one is called the sclerotica, of which c j d is a 
part denominated the cornea. Underneath ihe scle^^o- 
tica is the choroides, which is divided,, into two parts, 
that in front, which is sometimes blue, sometimes brown, 
sometimes black, is called the iris, and tbe back par^ 
the choroides. The third or inner coat z, is the retind, 
which is an expansion of the medullary part of the optic 
nerve A, and serves to receive the images of objects 
produced by the refraction of the different humours of 
the eye, and painted, as it were, upon its surface, a is 
the optic nerve intended to convey to the brain the sen- 
sation produced upon the retina. 

The cornea, or white of the eye, is represented fig. £0^ 
by c, the iris abh composed of two kinds of muscles, 
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the ODe fendiug to the centrci and tlie other forttiiiig a 
number of concentric circles round the same centre. 
The central part of the iris is perforated, and the orifice, 
which is denoininaled die pupil^ varies in magnitude by 
the action of the two sets of fibres composii^ the im, 
which action is affected by the quantity of light to which 
the.eye is exposed. In a dark room the radial fibres of 
tile iris contract, and the pupil is large, but in the glare 
of the sun the* circular jpbres contract, and make the 
pupil very srnill. 

The three humours of the eye are denominated the 
aqueous^ cJ^stalline, and vilret^ns humour. The aque** 
rous is the most fluid, being thin and clear, like water, 
whence it takes its name, and fills up the space imnie* 
dialely behind tlj ) cornea, and it is divided into two por- 
tions by ilffc iris, which seems to swim in it. The crys- 
lalline, which answeis to fig. hi a double con- 
vex lens, contained in a strong and tmisparent mem- 
biane, and suspended behind the aqueous humour by a 
certain ligameiil. The vitreous humour receives its 
name from its appearance, which is like melted glass. 
Ij, is not so hard as the crystalline, nor so liquid as the 
aqueous humour : it nils all the interior of the eye m, n, 
behind the crystalline humour. Such is the structure of 
the eye : the eye-brows defend the eye from loo strong 
a light; and they prevent the eyes from injmies by the 
sliding of substances down the forehead ; and the eye- 
lids act like curtains to cover and protect the eyes during 
sleep ; in our waking hours they diffuse a fluid over the 
^*e-ball which keeps it clean, and well adapted for 
transmitting the rays of light : and the eye-lashes, in a 
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thousand instaucesi guard the eye from danger, and pro*' 
lect it from floating dust with which the atmosphere 
abounds. ^ 

Objects are seen by means of their images which are 
painted on the retina of . the eye: thus an object, as an 
arrow, a B c,flg, 21, sends out rays that fall on the 
cornea of the eye,, between b and f, and by passing on 
through the pupil and humours, tliey will be converged 
to as many points on the retina, and will there form a 
distinct itiverted picture, c b a.. For "'pencil of rays 
m n 0 flowing from a will be converged to the point a 
on the retina ; those from b will be converged to ttie 
point b / those from c to the point c, and so* of the im* 
termediate points ; by which means the wholcv picture 
abck formed, and the object becomes visible. Hiough 
the images of objects are painted on the retina in an 
inverted slate, yet they are aeen erect, so that the mind 
is never deceived w ilh respect to the position of objects. 
The reason of this curious phenomenon has never been, 
completely explained ; but in the fifth volume of the 
Scientific Dialogues, Conversation xvn the subject is 
illustrated in a familiar manner with a number of appo- 
site examples. 

On this subject Dr. Young, in his Lectures, vol. i. 
p. 449, observes, that Opticians have often puxxled 
themselves, without the least necessity, in order to ac- 
count for our seeing objects*in their natural erect posi- 
tion, while the image on Uie retina is really inverted ; 
but surely the situation of a focal paint at the upper part 
of the eye could be no reason for supposing the abject 
correspouding to it to be actually elevated. We call 
k3 
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that the lower end of an object which is nest the ground ; 
and the image of the trunk of a tree being in contact 
with the im^ge of the ground on the retina, we may 
naturally suppose the trunk itself to be in contact with 
the actual ground. The image of the branches being 
more remote from that of the ground, we necessarily 
infer tlrat the branches are higher, and the tniuk lower : 
anti it is much more simple to compare the image of 
the floor with the image of our feet, with which it is in 
contact, than Vi/ h the actual situation of our forehead, 
to which the image of the floor on the retina is only 
accidentaU^ near, and with w'hich indeed it would per- 
haps be iniposisible to compare it, as far as we judge by 
the imaged late sensations only. 

You will now readily perceive the causes of indistinct 
vision, and understand the remedies that are applied. 
To see an object distinctly, it is necessary that every 
pencil of diverging rays, which comes to the eye from 
the ohject, should be ronveiged to a point on the retina, 
corresponding to that from which the raj’s have diverged- 
If these are ciSfiiverged too soon, or before they reach 
the retina, or are not converged till they get beyond the 
* retina, then the vision is indistinct ; these defects are 
occasioned by the eyes being either too convex, or not 
siiflij:ieutly convex. When they are more convex than 
necessary, concave glasses or spectacles are used, aud 
when they are too flat we have recourse to convex spec- 
® lades. 
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Colotin of Bodies explained— Light the cause of Cdovr— Colonrt 
of Flowers explained— All Bodies when very thin are partially 
transparent— Opake Bodies how rendered transpareot— Colours 
of the Cameleon explained— Colours of the^$)ry and Clouds ao* 
counted for^ C'otonrs cairsed by tronsmittett Lt^ht— Microscopes 
—Telescopes— Canicra-Obscnra—Magic Lanthorn-— PhaHtaHMh 
goria— Mnltipiying-glass* 

You are still at a loss to atreount for the c^ifferent 
colours of bodies* They exist only in the rays of light 
ifvhich fall upon thenii and are reflected off on all sides : 
a circumstance M’bich is easily explained, inow it is 
Lnovi'n that light itself is compounded of distinct and 
separate colours. This cloth we call blue, because it 
absorbs the other rays, and reflects only those which are 
blue : and so of any other colour. The whiteness of 
paper, or of snow, is occasioned by its reflecting the 
greatest part of all the rays iu the same mixed state in 
which they fall upon it* On the contrary, black is OC** 
casioned by the substance absorbing all the ra^s: or 
more generally, those bodies which have the property of 
reflecting only the red rays d^vili appear red, those which 
reflect the greens, blue, &c. will appear green, blue, &c* 
White is a compound of all the seven primary colours ; 
and black is an entire deprivation of them all ; and those 
which reflect some rays of one colour and some of ano-- 
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iher irill be the intermedifite shade or colour between 
bodi. 

To prove t^at colour » not inbereot iti bodies^ but in 
the light itself, it can be shewn, that no object what- 
ever can reflect any other hind of light than that which 
is thrown upon it. If this red ribbon be placed in a 
violet my, it will instantly appear of a purple hue, which 
is aenixiure of the red and violet No art can alter the 
separated ray ; it gives its tint to every object, but will 
assume none from^any ; neither reflection nor refraciioti, 
nor any other means, can make it forego its natural hue. 

die red rays are found to have the greatest effect 
npm Wk hiAnan eye, it has been supposed that they are 
largest; ^nd that those which least affect the vision^ are 
the smallest : these are the violet and the green, which 
are most agreeable to the eye, and with which we are 
moat conversant, ip the clouds above and the grass be- 
neath. 

Without light there would be no colours, and the 
diamond would lose its brilliancy : die vegetable and 
animat tribes depend upon light for tbeir colours and 
their existence. Close wooded trees, as the cedar, the 
yew, the cypress, &c. have leaves only on the outside, 
the inner parts are almost entirely barren of leaves.*-^ 
Ordei;}4toose plants turn their flowers lo the light, and 
if fbe light be excluded from them, they sicken and 
sbiirtly di^. 

Sotne ^flowers, as the heart’s ease, have their flowers 
of different colours, even on the same petals ; but if 
these are examined with a microscope, the parts which 
differ in colour will be found to differ in texture also. 
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Tbe texture of the petals of the white aud red rose is 
also different. 

The colours of natural bodies then are jsroduced by 
the disposition which the; have to reflect one kind of 
rays more copiously than another. Of course^ if light 
were homogeneous^ that is, if it consisted of only one 
sort of rays, there could be but one colour in the world, 
and no reflections nor refractions could produce another. 
According to this theory, which is unquestionably accu^ 
rate, the ruby absorbs the other colours^and reflects the 
red : whereas the amethyst in the mineral, hnd llie violet 
in the vegetable kingdom, absorb the re<h yellow, &c. 
ami reflect the milder brightness of the violet. Hence, 
every coloured object, as we naturally call them, may 
be considered as separating from light one or more co- 
lours, and absorbing the rest 

Those surfaces of transparent bodies \ihicli» have the 
greatest refracting power, reflect the greatest quantity 
of light: thus diamonds, which refract the light very 
strongly, afford a stronger reflection, and hence proceed 
the vivacity of their colours, and their bylliant lustre* 

1 may obseive to you, that almost all bodies when re- 
duced to great thinness, are, in a measure, transparer>t, 
and the opacity arises from die number of reflections 
caused in their internal parts. Take, as an instance, the 
hair of your bead, which in the mass is perfectly opake ; 
but view a single hair by means of the microscope, and 
you will see it is nearly transparent. Gold, which is the 
heaviest and most dense of all the metals except platina, 
when beat into tliin leaves, will admit the rays of light to 
pass through them. 
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Many opake bodies become transparent by filling np 
tbe pores with any substance of nearly the same density 
with their parts. Thus when paper is wet with oil or 
water, or w\iett linen clotli is varnished, they become 
more transparent than they were before. On the other 
hand, separating the parts of a transparent body renders 
it opake. The most transparent glass, reduced to pow* 
de^ becomes opake; the same thing. happens to horn 
on its being scraficd and made ibimier ; to water reduced 
to the shape «o/ steam ; and to many other substances 
treated in tbe'saine manner. 

Water mixed with air, by being shaken so as to be* 
come hoiif though both substances were originally 
transparent, is now opake. But metals, dissolved in 
acids, give perfectly transparent results : thus solutions 
of gold in nitro-muriatic acid, and silver in nitric acid, 
are transparent 

It is supposed, that the transparent parts or particles 
of bodies, according to their several sizes, must reflect 
rays of one colour, and transmit those of others iti tbe 
same manner a\.lhiu plates, or soap<bubbles, reflect or 
transmit these rays, which is the cause of all their co- 
lours. On this priuuiple is explained the variety of 
Colours seen in some silks and stuffs, and in the finely 
coloured feathers of the peacock, and other birds : like- 
wise those of the cameleon, the skin of which is trans- 
parent, and the animal, being endowed with the faculty 
of blowing up or contracting its skin at pleasure, causes 
the colours to vary. 

In the passage of light through Uie atmosphere, the 
fainter coloured rays are stopped in their passage through 
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the atmosphere^ and thence reflected upon other bodies : 
tvhile the red and orange rays are transmitted to greater 
distances, which accounts for the blue colour of the dcy, 
and the red colour of the clouds, when the sun b near 
the horizon. 

Mr. Delaval, who gave an account in the Manches- 
ter Transactions of many experiments made to ascertain 
the manner in which colours are produced, maintains, 
that they are exhibited by transmitted light alone, and 
not by reflected liglit. He contends, that the original 
fibres of all substances, when cleared of lieterogeneous 
matters, are perfectly white, and that the rays of light 
are reflected from these white particles itiroiigh the 
colouring matter with which they* are covered, ^and that# 
this colouring matter serves to intercept certain rays in 
their passage through it, while a free passage being left 
to others, they will exhibit according to these circum- 
stances, different colours. As an instance, he says, the 
red colour of the shells of lobsters, after boiling, is only 
a superficial covering spread over the white calcareous 
earth of which the shells are composech and may be re- 
moved by scraping or filing. Before they are boiled, 
this covering is so thick as to admit the passage of light 
to the shell and back again ; but w here this transpareflt 
blue colour of the unboiled lobster is thinner, ^t con- 
stantly appears like a blue film. In the same manner, 
the colours of the eggs of «certain birds arc euiirely su- 
perficial, and may be scraped off, leaving the white 
calcareous earth exposed to view\ The case is the same 
with feathers, which owe their colours wholly to a very 
thin layer of some transparent matter upon a white 
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ground ; this was ascertained by scraping off the super<« 
ficial colours from certain feathers^ which separated the 
coloured layers from the white ground on which they 
have been naturally spreadv 

Having, my young friend, had occasion to allude to 
the microscope, 1 will now give a description of that in- 
strument, and shew you its construction. M icroscopes are 
intended for viewing smalt objects, which the eye w'ith- 
oiit such assistance could not see, either at all, or at least 
not distinctly. 

We cannot see small objects at a nearer distance than 
about six inches, and it is to enable us to look at theoi 
much near‘^>r than this, that we make use of glasses, ber 
^ cause the apparent magnitude of objects is measured by 
the angle under which they are seen by the eye, and 
these angles are greater or less according as the same or 
equal objects are nearer to, or farther from the eye* 
Experiment i. Supposexand x, fig. ££, to be two 
equal objects, one at the distance of six or seven inches 
from the eye e, which is the distance of distinct vision, 
and the other at half that distance ; to enable the eye to 
see the object x, a lens must be interposed somewhere 
between x and e, which is to cause the rays that proceed 
Trom the object to go out of the lens parallel to one ano- 
ther, and by this means they w ill be converged to a focus 
on tlte retina. 

Ex. 11 . Take a single pqiot of the object (since what 
is shewn with regard to one point holds good in aU> for 
€vei 7 point of an object to be visible, must be brought 
to a focus on the retina), the point x, fig. 23, being near 
the eye, will throw’ out its rays too divergent to admit of 
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distinct vision: to remedy ibis, a lens fig. 24, is inter- 
posed, so as the object x may be in the focuf of it, 
which causes the rays to go out parallel to#piie another, 
and the object is distinctly painted on tho rcttina ; of 
course it appears as mudi larger at x than at 2 , as the 
angle o E ( is greater than m £ n, fig. 22. 

Since then convex lenses render objects distinctly visi- 
ble to the eye at the distance of their foci, they becothe 
of themselves microscopes. 

Ex. in. If the distance x^ fig. 23, be I inches from 
the eye, where it is seen distinctly, and the focal distance 
of the lens /, be j| an inch, then since / x isjonly ^ of 
E xj the lengtli of the object at x,, fig. 24, will appear 
]4 times as large as it w'ould at x, fig. 23, without a 
lens ; and the surfaces of bodies being as the squares of 
their diameters, or in this case as the squares of their 
lengths, the surface of x, in fig. 24, would appear 
14 X 14=:;19() times larger tlian at fig. 23, where 
no lens is interposed. • 

In some small lenses the focal distance is not morn 
than I or the of an inch ; then, in ihefsame example, 
the length would be magnified 28 or 70 times, and the 
surface 28 x 28— 784 or 70 x 70 — 4900 times. 

You will perhaps ask, whether the lens does not ac- 
tually magnify the object^ it is a natural question,* and 
my reply is, that the increase of size regards the appa- 
rent not the real magnitude* of objects. They appear 
larger with, than without the lens, but that is because 
the eye is enabled to see them at a much smaller distance* 
Ex. IV. Bring your eye to within a couple of inches 
of the letter you are reading, and you cannot possibly. 
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make out a single letter ; but at the same distance took 
at it through a small bole, made with a needle or pin> in 
a sheet of brown |>aper^ and you can read very readily 
all that I have written. The bole in the paper cannot 
increase the size of the letters, but it only enables you 
to see at a shorter distance than you could without it ; 
so it is with the lens ; and whatever instrument or con- 
trivance can render minute objects visible and distinct is 
a microscope. 

Ex. V. There are three kinds of microscopes: the 
single, the compound, and the solar. 

The single microscope is nothkig more than a double 
convex lens, such as 1 have already described, having the 
object in one focus, and the eye at the same distance on 
the other side. The magnifying power of this is found by 
dividing 6 or 7 inches, according as the eye sees best at 
the one distance or the other, by the focal distance of the 
lens. To you, who are short sighted, a lens will not 
magnify so much as it does to me ; for if its focal distance 
be the ^ih of an inch, to yon it will magnify 60 times ; 
and to me, who can see better at 7 inches than at G, 
it wdll magnify 70 times, and the surfaces will be mag- 
4iified to you 60 x 60r:3600 times, to roe 70 X 70=4900 
lines. 

Ex. VI. The compound microscope consists of an 
object-glass, and an eye-glpas, a section of one with a 
section of the human eye, are given in fig, 25, it con- 
sists of the object-glass c d, and the eye-glass e the 
object to be viewed, is a h, which is placed rather be- 
yond the focus of the glass c d, so that the pencils of 
*i'ays flowing from tlie different points of the object, and 
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passing ibncHigb the glass, may be made to converge ntd 
unite in as many points between g and A, wbere^ if a pa- 
l>er were piacedi it would be found tbat ^an inverted 
image is formed; whidb image, and^not the object, is 
viewed by means of the tye^gtass ef* The image g A 
is in the focus of jf e, and the eye is about the same dis- 
tance on the other side of the lens ; so that tUe rays at e 
f going out parallel (see 6.) will continue so, till they 
come to the eye at k, where they will Ije, converged by 
the refractive powers of the ciystalliuS and other hu- 
mours, and crossing each other in the pupil they will 
be collected into points on the retina, andUform the 
large image a n upon it, which ^ will be erect with 
regard to the object, and of course will appear to be 
inverted* 

The magnifying power of the compound miqroacope is 
in proportion as the image g h, is larger than the object 
a b, and likewise in proportion as we are able to view it 
at a less distance. If g A be 5 times larger thfto a 5, 
and by the help of the eye-glass ef^ we can see 12 times 
nearer than we could by the naked eye, then the length 
of the object will be apparently magnified @0 times, and 
the surface 3600 times. 

Ex. VII. Sometimes there are two eye-glasses, to 
enable the observer to have a better view of the object, 
though one not so much magnified. A microscope fitted 
up, is represented by fig. 26, the object is placed on 
the brass stage f, in which is a small hole to admit upon 
it a strong light from the speculum h ; at q is the object- 
glass by which the magnified image is made as at g h, in 
fig. 2o ; at B is a laige lens, to increase the field of view ; 
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90d at A IS an in the focits o£ is the 

enlat^eci image of the object. 

Kx, viu. The solar microscope am be osed^only 
u'hen Uie son shines strongly; it is composed of a tube, 
a plane mirror a b, fig^ £7; ibe leos the sbttller d z, 
and another lens a in the tube; the mirror receiver the 
sun’s rays^ & s, and is so placed as to reflect them through 
the lens x ; these illuminate the object c g, which object 
is placed in the focus of the lens a, here the rays from 
the object cross^and diverge to a white screen^ or table- 
cloth, &c, on which the imago of the otgect ia painted* 
Tbe magnifying power of this itisirument depends on the 
distance of the screen from the window; eight or. nine 
feet giWij a good distance, and tbe size of the image is to 
that of the object, as the distance of tbe former from 
the lens a, to tliat of the latter* 

c' 

Telescopes are optical instruments used for view- 
ing objects at a great distance : of these there are two 
kinds, » viz. the refracting,” and the ‘^reflecting.” 

Ex IX. The common refracting telescope consists of 
an object*gla$i, and an eye-glass of course ; on the 
same principle as that of the compound microscope, it 
*jnverts the image with respect to the object, and is unfit 
for viewing terrestrial objects. Fig. £8, is the represen- 
tation of the section of such a telescope, a; ^ is the object, 
the image of which is, by means of the lens q p, formed 
at m ; this is the focus of the eye-glass g h; therefore, 
|be rays of each pencil, after passing through the glass, 
Wll be parallel, but the pencils will cross at tbe focua 
00 the other side, as at e, and the pupil of tbe eye be- 
jiig in this focus, the image will be viewed under the 
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atigle g e hf and being at £, it wiU ap{>ear magitified, 
so as to fill tbe apace CD. 

The magnifying po^^er of this telescope *ia found by 
dividing the focal distance of tbe cbjeel-glass by the 
focal distance of tbe eye-glass : tbtis^ if the focal distance 
of the object-glass be 120 inches, and it admit of an 
cye-glasa whose focal distance is 2} inches, or 2.5 ; the 
former 120 divided by 2.5, gives 48 for the number of 
times that such a telescope will magnify tjic diameter of 
an object. ^ • 

£x. X. To shew terreemia] objects erect, the teles- 
cope must have one object^glass, c d, fig. £9;«and three 
eye-glasses, gh^ i ft. Here ihe^pencils of rays flow- 
ing from A B, pass through the lens c d, and form the 
image c d at f, which is tbe focus of the lens e from 
whence they pass on to the next glass g ft, and passing 
it they aie converged to the points in its other focus 
where they form au erect image, £ f, at and as this is 
in the focus of the eye-glass i ft, and as the eye is hi the 
same distance on the other side, the image is viewed 
through the eye-glass as in the other, only in a contrary 
posiiiuiK The three eye glasses have all their focal dis- 
tances equal, and therefore, the inugnifytng power is 
found by dividing tlie focal distance of the object-glass 
by the focal distance of eitlier of the eye-glasses. 

The reflecting telescope js thus described : let a ft, 
fig. 30, be a distant object ; parallel rays issuing from it, 
will be It fleeted from the concave mirror c d to its focus 
//z, at s t, w here the image is formed ; there they cross 
and pass on to the small mirror e n, from which they 
are reflected through the hole o in the large mirror, to B, 
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^iiere there is a plstl^^conrex lens^ nitich causes them 
to form an erect inbge at r, wbich is uiagnifed by the 
lens s, and is seen by the aye as large m You m\l 
remember that the hole o in the large mirror does not in 
the least distort the image, but is only the can# of the 
loss of a litde light. 

^ There are various eonslructions of the reflecting tele- 
scope; but from u hat has been said you 4r111 easily un- 
derhand the general principles on ubich they are formed. 

I vrill meniioh anodier instrument or two; the ca- 
mera obscure” is made by fixing a convex glass in a 
hole of tbj shutter, and if no light enters the room but 
tbrough the glass, the pictures of all objects on the out- 
side may be seen in an inverted position, on a while pa- 
per placed in the focus of the lens. 

Tlie construction of the ** magic lanihorn*’ is very 
simple, consisting only of a tin iainhorn, within which is 
a lamp whose light passes through a great plano-convex 
lens, placed in a tube fixed in the front. This strongly 
illuminates the^ small transparent painting on glass placed 
before the lens in an inverted position : another tube, 
containing a convex Jens, slides within the other so as to 
adjust the focal distances of the glasses. 

The exhibition of the “ phantasmagoria^* which ex- 
citer] so much attention and surprise a few years since, is 
a magic lanthorn’^ of a peculiar construction. In the 
common lanthorns, the figures are painted on glass, and 
the rest of the glass is transparent ; of course the image 
on the screen is a circle of light having a figure on it. In 
the phantasmagoria the whole of the glass is opake ex- 
cept the figure, which being painted in transparent cu- 
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lours, the light shioes through it, and as no light can 
come upon the screen, hut what passes through the 
figure itself, we liave on the screen a figure* otily with- 
out any circle of light The representation is thrown on 
a thin screen of silk, placed between the lanihorn and 
the spectator. By moving the Ian thorn farther from the 
screen, or by hanging it nearer to it, the image appeayi 
to approach or recede. The size of the image increases 
as the lanihorn is carried back, because tli^«rays come in 
the form of a cone ; and as no part of the screen can 
be seen, the figure appears to be formed in the air, and 
to move farther off when it becomes smaller, and to ap- 
proach as it increases in size, though in truth it is alw'ays 
at the same distance. 

Tlie principle of the multiplying glass is this: the 
glass is originally a double convex lens, and the aides in- 
stead of being left convex, are cut into a number of flat 
surfaces, and as rays of light proceed from objects in ail 
manner of directions, some will fall on every surface of 
the glass, and a distinct picture of the object viiil be seen 
through each of them ; therefore, by increasing the num- 
ber of surfaces we have the greater number of pictures 
of any object at which we direct the glass. The object 
will not appear magnified, but as rays flow from it to all 
parts of llic glasf*, and each plane surface will refract 
these rays to the eye, the sam^ object will appear to the 
eye in the direction of the rays, which enter it tlirough 
each surface. 
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LETTER XXIV. 

* « 

« 

The iniportaii<!e of Aatronotnj^— Commoti appearances — Magnitndes 
of the heavenly Bodies—Planett — Fixed Stars— Comets — Fixed 
StarS) hcy|v divided — Constellations — Distances of the dxed Stars, 
nebulte, &c. 

• 

Astronomy, my young fiieiid, is one of llie most 
interesting, as weM as most important sciences which can 
occupy *the human attention. It presents to us a long 
seiies of discoveiies, almost from the coninriencenient of 
time to the present duy. Tliough you cannot lock back 
so far, yet it is less than 40 years since a planet, vviifi 
its atteiKiant cnoons, unknown to the inhabitants of the 
eailli, from its creation, was discovered by the celebrated 
llerscbfcl. And the present century, though so recent, 
has presented ns with four other planetary bodies, 
difl^rent indeed from the other planets in their magni- 
tudes, but in many respects bearing a strict analogy with 
them. « 

The world, according to the opinion of unlettered 
and unthinking men, is composed of two principal parts, 
the eaiih and the sky. To them the earth appears as 
a vast flat surface extending itself circularly on all sides : 
when a person changes place upon this surface, he loses 
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siglit of certain countries, and discovers others, yet be 
always considers himself at the centre of the extent 
presented to him. The sky seems as a ^ast canopy 
spangled with the sun, moon, and stars, placed to minis- 
ter to bis enjoyment, and that of his fellow mortals. 

The apparent motion of the sun and stars is obvious 
to the most inconsiderate, and the mass of the peopje 
never think of enquiring into the causes. In the morn- 
ing, they see the sun rise in the east, and behold him 
traverse, in the course of the day, the vauIt*of the hea- 
vens, and then as regularly set or disappear in the even- 
ing in the west. These circumstances, so iiWportant to 
llic happiness and well-being of man, are overlooked, 
' because they are common. But if ft were possible for 
a being possessed of reason and understanding to behold 
the phenomena for the first time in his existeute, what 
what would be his joy at the appearance of that lumi- 
nary which brings light .and life in bis train ; and bow 
gloomy must be his sensations when be saw it appa- 
rently take its leave for ever. We cannol^enter into the 
feelings which such a situation would infallibly produce. 
From our infancy we are accustomed to behold alternate 
light and darkness, and expecting the one to succeed the 
other, it occasions no surprise, and too frequently,, no 
gratitude to the Being who has appointed them, for the 
wisest and most beneficial purposes. 

If in a fine clear night, and on an eminence where 
the view is uninterrupted, we follow with attention, the 
appearance of the heavens, it will be seen to vary at 
almost every instant. Some stars are rising, in the 
eastern part of the heavens, into our sight, othars on 
L 
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the opposite side are sinking into shade : some which 
now appear just over our heads, decline towards the 
west, and others mount to their places. Some, indeed, 
and dbeae very remarkable stars, and constellations of 
stars, never disappear, never sink, as others apparently 
do, into the western ocean : of these we may reckon the 
pple star, and those known by the irame of Charles’s 
wain, or the ursus major, or great bear. Thus the whole 
heavens appecr.to revolve about two fixed points, called 
from this circumstance, the poles of the world : one of 
these is ever elevated above our horizon, and the other is 
perpetually below it. These appearances, which are 
obvious to all who are blessed with eyes to witness the 
wonders of creation, excite several interesting enquiries. 
What becomes during the day of the stars, which we 
have sceh at night ? Whence do those come which be- 
gin to appear Where are those gone which have left 
our view ? There arc other questions of similar import, 
which it will be my business in this and some following 
letters to answer, I hope, to your satisfaction. 

Your own observations will go to resolve some seem- 
ing difficulties. In the morning, the brilliancy of the 
* starry firmament grows fainter as the dawning light 
increases ; in the evening, the splendour gradually in- 
creases as the twilight diminishes : it is not* therefore, 
as you may infer, because they cease to shine, but be- 
cause their light is effaced by the more vivid light of 
the sim, that we are unable to see them. The tele- 
scope proves ibis beyond all doubt, for with that instru- 
m&ot the stars are visible even when the sun slimes the 
brightest, and those which are near enough the poles 
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never lo reach the horizon^ appear constantly above 
it. 

The sun and moon appear to us lai^ger ibin the other 
heavenly bodies^ but we cannot, from their apparent mag* 
nitudes, infer what is their real size. The apparent 
diameters of tliese bodies are easily obtained by means 
of good instruments ; and if by any means we can come 
at their distances, we have then sufficient data to find 
their relative magnitudes. This is applicable to the sun, 
moon, and planets; but no method yef has been disco* 
vered by which we may oppreciate the magnitudes and 
distances of the other stars, v These appear q^ily as briU 
liant points in the heavens ; but perpetually retaining 
the same mutual position with respect to onclinolher, 
and rising and setting at the same points of the horizon, 
they are denominated jixtd stars, in opposition to the 
others, which are continually changing their place in 
the heavens, and which are on that account called 
planets or w^anderers. Observe the moon, for instance, 
or Venus, when she is visible, for a few successive even* 
ings, and you will find it never rises twice at the same 
point of the horizon, and a few days will make a mate- 
rial difference; but the same observation extended to* 
Arcturus, or Sirius, or any other well known permanent 
star, will give you clear and distinct ideas of the diffe- 
rence between planets and fij^ed stars. 

Besides the planets and fixed stars, there are occa- 
sionally seen in the heavens other luminous bodies, 
which are usually attended with a kind of tail, or as if 
they were surrounded with hair ; hence they are denomi- 
nated comets, or hairy stars, from tlie Latin word coma; 

L 2 
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hair. The motions of these bodies, and their orbits, 
that is, the paths in which they travel, are different from 
those of the^ planets, and therefore it is always difficult, 
and frequently impossible, to calculate the periods of 
their return ; whereas we can ascertain the periodical 
revolutions of Jupiter, Mars, 8cc. with as much precis 
sion as we calculate upon ilie return of day-light and 
darkness among ourselves. 

Planets and pomets are not merely distinguished from 
the other stars by their motions, but they differ as much 
in their light, which is more steady, and less subject to 
that tremulous appearance, which we denominate twink* 
ling. 

The tixed stars undoubtedly shine by their own light, 
but the planets, their moons, and the comets, shine by 
light borrowed from the sun. When seen through a 
telescope which magnifies considerably, they appear with 
well-defined circular disks.— This is not the case with 
the fixed stars, which, however magnified, appear merely 
like luminous points. Both the planets and fixed stars 
differ much in colour from one another. The twinkling 
of the fixed stars is generally referred to changes which 
^re perpetually taking place in the atmosphere through 
which their light passes to us. Of their actual magni- 
tude, as we have observed, we can give no account ; but 
in common language, they are divided into seven orders, 
according to the degrees of their apparent brightness ; 
we call the brightest, stars of the first magnitude, and 
those that are the least bright, and most difficult to be 
distinguished by thS naked eye, are stars of the sixth 
Inagnitude. Those of the seventh are visible only with 
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nn instrument, and are called telescopic stars. Philoso- 
phers, not being able to ascertain the distances of the 
fixed stars, have not been deficient in conjectures, and 
upon apparently rational grounds, they suppose the 
nearest fixed star must be a hundred million millions of 
miles from us ; and they infer that the diversity of their 
apparent magnitudes is principally owing to their c^jf- 
ferenl distances. 

Experiment. The light of stars c/different mag- 
nitudes, situated near each other, may be compared by 
viewing them through two apertures of different sizes, 
cut in cards, one held before each eye — llfte apertures 
being reduced to such magnitudes, that the stars may i 
appear equally bright. See Dr. Young s Lectures, vol. i. 
p. 49^2. 

The ancients divided the starry sphere into particular 
constellations, or systems of stars, according as they lay 
near each other, so as to occupy those spaces which the 
figures of different sorts of animals or things would take 
up if they were there delinmited. Thi&^is a convenient 
method for distinguishing them from one another ; iso 
that any particular star may be readily found in tbe hea- ^ 
vens by means of a celestial globe, on which the con-’ 
stellations are so delineated as to put the most remark- 
able stars into such parts of the figures as are most easily 
distinguished. You may tutn to your globe, and you 
will observe there are about seventy constellations 
marked on its surface — though the ancients counted only 
fifty. I will, at the end of my letter, put down their 
names and the number of the stars noticed in each, by 
Ptolemy, who was one of the first observers, and by 
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Flamsteed, who was one of the latest. You will see 
also on your globe, that there are certain Greek letters 
marked agalhst the stars, the first of which in the several 
constellations in the alphabet is always pat to the stars 
of the first magnitude, the second to the next, and so 
on; by this method, which w'as invented by Bayer, a 
German astronomer, more than 200 years ago, the stars 
are as easily distinguished as if each had an appropriate 
name. Thus, .»f I were to ask you to find jS, 7, or ^ of 
the constellation Leo, you would point them out as 
readily on the globe, and after that in the heavens, as 
}ou could •the constellations themselves. 

The heavens are also divided into three parts, viz. into 
the zodiac, and the parts on each side of it, north and 
south. The zodiac goes quite round the heavens, and is 
about sii^een degrees broad ; it is denominated zodiac 
from a Greek work signifying animal, because most of 
the constellations io it have the names ef animals ; they 
are Aries, the ram : Taurus, the bull : Gemini, the 
twins: Can CFK, the crab: Leo, thelion: Viroo, the 
virgin: Libra, the balance : Scorpio, the scorpion : 
Sagittarius, the archer: Capricorn us, the goat: 
.Aquarius, the water-bearer : and Pisces, the fishes. 

\yithin the zodiac the orbits of the moon and planets 
are situated ; and along the middle of it is the ecliptic, 
or that circle which the ‘earth actually describes, and 
which the sun, to us, appears to describe. 

Besides the conslellalions, there are some single stars, 
md small collections of stars, that have particular 
^n^mea ; such is the bright star in the breast of the Hon, 
called cor Leonis, or the lion’s heart ; a large star be- 
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tween the knees of Bootes, is called Arcturus *, the 
cluster of small stars in the neck of the bull is called 
the Pleiades and the five stars in th^ builds face, 
the “ Hyades.” 

Some of the stars are found by a good telescope to 
be much nearer together than the rest, so as to form 
what is denominated a nebula. The ancients had noticed 
a few of the most conspicuous nebulcO ; but Huygens, 
whose nanie you will often meet with in connection with 
the sciences^ first directed the attention of^modern astro- 
nomers to tlie large nebula situated in the constellation 
of Orion. Dr. Herscbel, in more receijjt times, has 
composed a catalogue of 2300 nebulas. Perliaps all 
stars are disposed in nebulas, and those which*appear to 
us to be more widely separated, are individual stars ol 
that particular nebula in which we are plaged, and of 
which the most distant parts may be observed in ihe 
form of a lucid zone, called the milky-way, being too 
distant to allow' its single constituent stars to •be per- 
ceived by the naked eye. Supposing all the stars in this 
nebula to be as remote from each other as the nearest 
of them are from the sun — and it has been calculated 
that the most distant must be 500 times as far from us 
as the nearest — and that light which is probably 15 or 
20 years in travelling to us from Sirius, would be i0,000 
years in coming to us frorp the boundary of the milky- 
way. It has likewise been calculated that a nebula of 
the same size as this to which we are supposed to be- 
long, and that should appear only a diffused light, of a 
degree in diameter, must be at such a distance that its 
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light, travelling at the rate of S00,000 miles in a second, 
would require a million of years to reach us. 

I must tell you, that the fixed stars are now found to 
be not absolutely immoveable with respect to one an- 
other: for it has been proved that Arcturus and others 
have progressive motions, amounting to two seconds or 
more annually : but the distances of these stars being so 
gre&t, it is almost impossible, but by the nicest and long 
continued observations, to detect the motion®, though 
they may actually revolve about one another. It is time, 
however, that I put an end to this letter, which I v\ilt 
with giving you a table, as I promised, containing the 
names of the constellations, and the number of stars 
observed Vli each by Ptolemy and Flamsteed. 

TABLE. 

The Ancient ConsteUulion$, PtoUmj, flamsleetL 


Um Minor 

. .Tiie Little Bear 

€ 

tfl 

Vriia Major 

. ,Tlic Great Bear. ....... 

33 

37 

Draco ./ 

. .The Dragon 

31 

80 

Cephens 

. .Ceplieits 

IS 

3b 

Bootes, Arctophilax 

..Bootes 

23 


Corona Borealis • . . * 

. .Tlie NorUici'n Crown . . 

8 

21 

Hercules, Engonasin 

..llercui;‘s k^iecling 

29 

113 

liyra 

. .The ftarp 

10 

21 

Cygnus, GaUina 

. .The iSwan 

19 

81 

Casslopiia 

. .The Lady in her Chair. . 

, 13 

bb 

Perseus 

..Perseus 

, 29 

59 

Auriga 

, . .The Wagg^ruer 

. 14 

66 

Scrpentaiius, Ophiuehw Serpenlarius 

. 29 

74 

Serpens. 

, . .The Serpent 

. 18 

64 

Sagitta 

. . .The Arrow 

. 5 

18 

AqiiUa, VuUur 

Antinons 

. . .The Eagle ^ 

. ..Antinons 5 

. 13 

71 
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The AtuieiU Canetdlatione. Ptokn^. Flamiteei. 


DelpUiDiu 

,..Tlie Dolphin 

. .. 10 

18 

Equulcusy Equi iecHo 

. .The Horse’s Head . . . 

4 

10 

Pegasus, Eqvus . . . 

, . .The Flying Horse. . . 

20 

89 

Androhieda 

..Andromeda 

.. 23 

66 

Tiiangiiiiini 

. .The Tiiangle 

.. 4 

16 

Aries 

. .The Ram 

. . 18 

66 

Taurus ........... 

. . .The Rnll - 

- . 4 j. 

14L 

85. 

Gemini 

. .The Twins 

.. 23 

Cancer . 

. . -The Crab ^ , 


83 

^ 95' 

(43 

Leo 

Coma Berenices . . . 

..The Lion i 

. .Berenice’s Hair ) ' • 

. . 

kT 35 

Virgo 

. .The Virgin. 

.. *32 

110 

Libra, Chelis ....... 

. .The Scales 

.. ir 

51 

Scor|Mii8 

. .The Scorpion 

.. m 

44 

Sagittarius 

..The Archer ....... 

.. 31 ^ 

69 

CapricorDiis 

..The Goat 

.. 28 • 

61 

Aquarius 

. .The Water-bearer. . . 

,, 45 

108 

Pisces 

. .The Fishes 

.. 38 

113 

Cetns 

..The Whale 

.. n* 

97 

Orion 

..Orion 

.. 38 

78 

Eridanus, Fluvius . 

. . Et idanns, the Rivei' . 

.. 34 

84 

Lepiis 

. .The Hare 

.. 12 

• 19 

Caiiis major 

. .The Great Dog 

.. 29 

31 

Canis minor 

. .Tlie Little Dog 

k* 2 

14 

Argo Navis 

..The Ship 

. . 45 

64 

Hydra 

. .The H>dra 

.. 27 

60 

Crater 

. .The Cop 

.. 7 

31 ; 

Oorviis 

..The Crow 

.. 7 

9 

Ontaurus 

. /fhe Centaur 

.. 37 


Lupus 

. .The Wolf 

.. 19 

24 

Ara 

- .The Altar ... ..... 

. . 7 

9 

Corona Australis . . . 

. .The Sonlfiern Crown 

, . 13 

12 

Pisces Australis . . . 

. .The Southern Fish , 

... 18 

24 

The new Southern Coustellations. 


Flamsteed, 




- 10 

Kobur Carolinum. . . 

. . .The Royal Oak. .... 


I, 12 * 


L 3 
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The new Southim ConsielinUonSt 

Flamsteed 


.Tlip Hrane 


Phoenix 

.The Phoenix , . . • 


Indus 

.The Indian..... 


Pavo 

, .The Peacock 


Apus, Avis Indica . . . • . 

. .The Bird of Paradise . . . . 


Apis, Musca 

. .The Bee or FIv 


Cbamschoi) 

. .The Cweleon 


Tiiangiiliini Aiistiale 

. .The South Triangle 


Piscis voLiiis Passer. . . 

> .The Flying Fish 


Dorado, Xipkias 

. .The Sword Fish - ......... 

r> 

Toacan ^ 

. .The Ameiican Goose .... 


Tl^drus : 

, .The Water Snake 



Hevdiua^ CoiifttcMattons made out of tlie unformed Stars. 


T 


Hevelius. 

Flamsteed. 


. -The Lynx ......... 

. . . 19 

14 

Leo minor. 

. .The Little Lion 


53 

Asterion and Chara. . 

. .The Grevlionnd. . . . . 

. . . 23 

83 

Cciberus 

. .Cerberus 

d 


Valpccnla and Anser 

. .Thu Fox and Goose . 

. . . S7 

,r> 

Scutum Sobicski .... 

. .SobieskPs Shield . . . 

7 


Liicerta - i.*--- 

. .The Lizard ..... r . 

. . . 10 

1 O 

('amelopardaliis .... 

. .The Camelopard . . . 

... 32 

:>8 

Mottoceros i.. 

, .The Uiiiconi 

. . . 19 

31 

Sextans 

. .The Sextant 

. . . H 

11 
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Solar Srstera — Pythagorean Systelli of the World —Ptolemaic and 
Tychonic Theorica— -Copernican System — Prinmry Planers — 
Secondary Planets — Description of an Ellipse — Centrifugal and 
Centripetal forces — Distances of the Planets— •J’able of llie Solar 
System. • 

% 

The sun, my young friend, is to other worlds what 
one of the fixed stars is to us; they agrecPin the pro- 
perties of constantly emitting light and of p^petually 
retaining their relative situations, at least with but little 
variation, with respect to the other fixed stars, and it is 
highly probable that they have many other pfbperties in 
common. The sun then may be regarded as a fixed star, 
comparatively near to us, and the stars are to be con- 
sidered as suns to other systems of worlds perpetually 
revolving about them, as w^e shall iiot^ shew that the 
earth and other planets are turning about the sun. 

To us, the sun is the most conspicuous of all th^ 
celestial bodies; at which you will not be surprizecf, 
when you consider how much is dependant upoii, him. 
On his attractive power the earth and planets depend for 
that circular kind of motion, which carries them round 
him in their several years or periodical levolntioiis: on 
him they depend for the blessings of light and heat, 
which are distributed in greater or less proportions, 
according to their relative distances from that body. 
Wliilc, however, wc reflect on llic advantages derived 
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from the power and attractive influence of the sun, we 
must not forget that infinite pox&er which created the sun ; 
that wisdom which adjusted all the proportions so accu- 
rately as to enable this great luminary to retain the 
planets m their orbits; and that goodness which no 
doubt in other planets, and other worlds has adapted 
the quantities of light and heat to the wants of their 
inhabitants. 

You know, because it is a species of knowledge which 
we obtain at an early period of our existence, that the 

Solar System’* consists of the sun and several planets, 
together with their moons and comets. Various opi- 
^ nions have been adopted by philosophers, with respect 
to the motion of the sun and planets. The uninformed 
of all countries and all ages, trouble themselves but little 
about the rppearaoces of nature what they see, or think 
they see, they give credit to; and hence they infer, that 
the earth is an immoveable extended plane, round which 
lire sun and stars perform a revolution every tw^enly-four 
hours. Such, probably, was the general opinion in the 
early ages of the world ; nor can we trace the beginning‘x 
of science so coinpletei;, as to know when other and 
more rational doctrines were taught. It is, however, 
believed upon pretty good evidence, that Pythagoras, 
who flourished five centuries before the Christian aera, 
was acquainted with the true system of the world ; but 
whether he was the author of the system, or an improver 
only upon other men’s discoveries, cannot be ascertained. 
He contended that the planets revolved about ihe sun as 
ii common centre ; he taught that the moon reflected the 
rays of the sun, in other words; that the moon shone by 
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a borrowed light ; he contended that the stars were 
worlds, and that the moon was inhabited like the eartir, 
and that the comets were a kind of wandering stars, 
disappearing in the farthest parts of their orbits, and 
becoming visible as they approached the sun. The white 
colour of the milky-way he ascribed to the brightness of 
a great multitude of small stars; he supposed the distances 
of the moon and planets from the sun, were in certain 
harmonic proportions to one another, corresponding to 
the musical intervals or divisions of the raqnochord^ 

How the truths, promulgated at this period of the 
world, wejc again lost and forgotten camiot well be 
conceived ; the fact is, however, certain ; so that, in the 
time of Ptolemy, who flourished in the first and second 
centuries of the Christian sera, and v\ho was a most able 
astronomer, there was not a trace of the Pythagorean 
system left. This philosopher, guided by the sensible 
appearances of the heavenly bodies, without regard to 
their absolute or relative motion, considered the earth as 
stationary, fixed in the centre of the sysjem, and that the 
sun and planets were subordinate, and revolved round 
the earth in 24 hours. This, from its founder, was 
called the Ptolemaic system.” 

Another celebrated system was that invented by Tycho 
Brahe, a learned Dane; this supposed the earth as the 
centre of the universe, a^d the sun constantly going 
round it ; but the other planets were considered as re- 
volving about the sun. In an improvement of the 
Tychonic S 3 slem, a diurnal motion was given to the 
cailh about its axis, to account for day and night, instead 
of forcing the sun and stars to turn round the earth in 
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hours* Those who held this doctrine were called Semi* 
Tychonics. 

To Copernicus^ who was born at Tliorn, in Prussia, 
in the year 1472, we are indebted for the restoration of 
the Pythagorean, or true system of the world. This 
philosopher was prior, in point of time, to Tycho Brahe, 
and it is wonderful that a man of such talent and philo- 
sophical penetration should have abandoned the theory 
of Copernicus^ to establish one of his own, so full of 
difficulties, and so little accordant with existing phe« 
nomena. 

According^ to the Copemican system, which, in truth, 
w’as but a revival of the Pythagorean theory, and wliich 
has since Meen denominated the Newtonian system of the 
world, on account of the various and highly important 
discoveries^ made by Sir Isaac Newton, in confirmation 
of the [n inciples adopted by his predecessors, the sun is 
supposed at rest in the centre, and the earth, and other 
planets,* to move about him in ellipses. Hence the sun 
and stars are supposed to be at rest, and the diurnal 
motion which tliey appear to have from east to west, is 
occasioned by the earth s rotation from west to east. 
The sun, according to this theory, is very near the centre 
of gravity of liie whole system, and is the focus of all the 
planetary orbits. 

In the plate which accompanies this (plate 1, Astro- 
nomy) you wdll have a view of the system of the world, 
according to the Copemican theory, and as it is esta- 
blished at present beyond the possibility of being over- 
turned, because every part of it is now founded on 
ntathematical demonslration, which cannot err. 
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You know that the planets are distinguished from the 
lixed stars, by their steady light. Planetary bodies are 
of three kinds, called primary, secondary, ayd comets. 

There are seven primary planets, beside four very 
small bodies of the same kind, which have been dis- 
covered during the present century, s, in our plate repre^ 
sents the sun, a large body, about a million of times 
larger than the eartli, but the space of a plate is much 
too diminutive to exhibit either the proportional magni- 
tudes of the sun and planets, or the proportional distances 
of the planets from the sun. The planet l\^ercury J , is 
that which is nearest the sun ; then comes Venus f , that 
brilliant planet which was formerly denoiniimted Lucifer 
or Hesperus, according as it was a morning or aw evening 
star; for the ancients had no doubt that these w^ere tw^o 
distinct stars, till Pythagoras, hy exact observatjou, found 
that it was the same planet in different positions. Next 
to Venus is the earth 0, with her moon revolving about 
her; Uieii comes Mars after which we have the 
orbits of the four newly discovered, and, to the unassisted 
eye, invisible planetary bodies, viz, Jund, Pallas, Ceres, 
and Vesta, marked in the plate J, p, c, and v; beyond 
these revolves Jupiter 1^1, with his four moons; iheij* 
comes Saturn T?, with seven moons; and far beyond him 
is the Ilerschel planet, w ith his six moons. * 

You will observe that Venus and Mercury are called 
inferior planets, because their orbits are included within 
that of liio eaiih; the others are denominated mperior 
planets, as their orbits include that of the earth. 

The secondary planets, which arc denominated satellites 
or inoont', are atlcudauts on the primary planets, and 
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revolve about them ulnle they move round the siin< 
Comets are bodies which likewise revolve about the sun 
ill very eccentric elliptical orbits^ such as are described 
in the plate c, c. 

Although the orbits of the planets are drawn as circles 
in the plate referred to, yet the true orbits, or the paths 
in which they move about the sun, are not circles but 
ellipses, such as is rei>resenled in figure 1, Plate ii. 
Here a c b d represents the orbit of a planet ; s ^ are 
the two foci, tSi«t is, the two points from which the 
ellipse”^ would be drawn, and s is supposed to be the 
place of the sun. a b is called the transverse axis, and 
c D the conjugate axis of the ellipse : but as an astro- 
nomical -erm, A B is called the line of the Apsides, and 
when the sun is at s, and the planet at A, its greatest 
distance from it, the planet is said to be in aphelion, or 
higher apsis; when it is at b, the other extremity, or 
nearest the sun, it is then in perihelion, or lower apsis. 
The mean distance of a planet from the sun at s, is 
when the planet is at c or d, that is, at either extremity 
of the conjugate diameter; and this mean distance is 
equal to half the sum of its greatest and least distance 

* * An ellipse is a transveise of a cone formed by a plane 

cutting both sides of the cone; but the section must not be parallel 
to the* base, because the section of a cone parallel to its base is 
always a circle, and is gi eater oi less accoulnu' as it is more or leas 
distant i'roui the apex. To desc?'ibe an ellipse in an easy manner, 
let two pins, nails, &c. be stuck into a table, and a tliiead be tied 
loosely round them ; then let a pencil be be Id witbiii die thread, 
kept pretty tight, and moved round tin* pms, vihich will describe the 
ellipse. The points where the pins suck aic ilie tori ; and according 
as those points aie nearer to or firthet tioni thecentic, the ellipse 
\fill liave more or less eccentricity^ for when they coincide in x the 
curve is a circle. 
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from the focus in which the sun is placed, that is, the 
line c 

« 2 • 

Two planets are said to be in conjunction when they 
are in the same point of the heavens, or answer to the 
same degree of the ecliptic; suppose Jupiter and Venus 
to be in tlie 10th degree of Sagittal ius, they are said to 
be in conjunction; and when two planets are in opposite 
points in the heavens, they are said to be in opposition; 
if Jupiter be in the 10th degree of Ariaf, and Saturn in 
the 10th degree of Libra, they will be in opposition. 

Befoic I conclude this letter, let me impress^ your 
mind with the nature of the powers which cause the 
planets to keep in their course. - These are called the 
centrifugal and centripetal forces.. 

A centrifugal force is tliat by which a body, revolving 
1 ound a centre, or round another body, endeavours tt> 
iccede from it. 

A centripetal force is that by which a moving body is 
perpetually urged towards a centre, and made to revolve 
in a curve. • 

It is, as you have seen, page 32, an established law of 
nature, that all motion is of itself rectilinear, and mov- 
ing body never recedes (rom its first right line, till some 
new impulse be supcraclded in a different direction ; 
after this new impulse the motion will be rectilinear, 
though the direction of the liJte wdll be altered : plate 2, 
tig. 1, 'To move in a curve line, a body must receive 
a new impulse, in a different direction, every instant of 
lime ; now to apply this to the motion of the planets : 
suppose the earth at a, it has, by the centrifugal force 
impressed on it by the Deity, a tendency to fly oft' in 
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tlie right line a z , but the centripetal force, occasioned 
by the attraction of the sun constantly acting upon it, 
djaws the earth towards itself: and, therefore, as there 
arc two contending forces, one in the direction A 2, the 
other in the direction a s, the planet must describe a 
line between the two ; and as the attractive force of the 
sun is perpetually acting upon it, the planet will describe 
a curve a c B D, for the same reasoning will apply when 
the planet is situated in any other part of the ellipse, as 
at w, &c. 

The effects of a centrifugal force may be familiarly 
illustrated by whirling a stone at the end of a string. A 
hoop driven by a boy, and a bowl urged along a plane, 
are likewise instances of the centrifugal force. 

The general law for ascertaining the distances and ve- 
locities of the planets is this : the squares of the times 
of the revolution are proportional to the cubes of the 
distances. If the distances of two planets from the sun 
be knowm, and also the lime which one of them lakes in 
going round the sun, the time that the other requires is 
easily found : 

£x AMPLE. By the table, p.235, the distances of the 

. planets Saturn and Herschel are 900 and 1 800, that 
is, 1 to 2, and ll;e periodical revolution of Saturn is 
kfio^vn to be about 60 years, therefore to find the pe- 
riod of the Herschel, I say, as : : 30^ 

to a fourth proportional, or J : 8 : : 900: 7200, 
but the square root of 7200 is equal to 85, or the num- 
ber of years that the Herschel takes in circulating about 
the sun. 

- The same law is established with respect to the secon- 
dary planets, or moons, revolving about their primaries. 
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LETTER XXVI. 


'ITic Sun and its Motions — Dr, Herscliel's Theories — Proportional 
Distances of the Planets — of Mercury — Of Venus, 

The sun is^pjaced nearly in the centre of our system, 
and revolves^on its own axis from west to east in about 
25 ^ of OH* days. Like many other of the fixed stars, of 
which the swn is unquestionably one, it has, probably, a 
progressive motion, at this time, directed towards the 
constellafion Hercules, The direction of the axis of 
the sun is to a point about half way between the Pole* 
star and Lyra. The time and direction of the sun’s ro* 
tation is ascertained by the change of tlie situation of 
the spots, which are usually visible, with a good glass, 
on his dbe ; these spots were formerly supposed to be 
elevations or mountains on his surface, but which more 
modern astronomers think to be excavations in the lu- 
minous matter covering the sun’s surface. These spots 
*are frequently observed to appear and disappear. La- 
lande thinks, that they are parts of the solid body of the 
sun, which, by some agitation of the luminous ocean, 
are left entirely bare. But Dr. Herschel attributes the 
spots to the emission of an aeriform fluid, not yet in 
combustion, which displaces the luminous atmosphere, 
and which is afterwiirds to serve as fuel for supporting 
the process ; hence he supposes the appearance of many 
spots to be indicative of the approach of warm seasons*. 
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on ihe surface of ihe earth. Many of Dr, Herschers 
speculations are curious and important ; some of which, 
taken from the Philosophical Transactions^, I will give 
you in an abridged form, because they not only appear 
rational, but have a tendency to raise the mind to the 
most noble cotiten)plations of the works of the Creator. 

Sir Isaac Ne^ston has shewn that the sun, by its 
attractive power, retains the planets belonging to our 
system in their orbits ; he has likewise pointed out the 
method whereby the quantity of matter contained in the 
sun may be accurately determined. Dr. Br'Wley has 
assigned the velocity of the solar light with m degree of 
precision exceeding our utmost expectation. Galileo 
and others have ascertained the rotation of the sun upon 
its axis, and determined the position of its equator. By 
means of the transit of Venus over the disc of the sun, 
our mathematicians have calculated its distance from the 
earth ; — its real diameter and magnitude ; — the density 
of the matter of which it is composed ; — and the laws of 
the fall of heavy bodies on its surface. ^ 

** It is by analogical reasoning that we consider the 
moon as inhabited. For it is a secondary planet of con- 
siderable size, its surface is diversified, like that of the 
earth, with hills and valleys. Its situation, with respect 
to the sun, is much like that of the earth ; and, by a ro- 
tation on its axis, it enjoys ap agreeable variety of sea- 
sons, and of day and night. To the moon, our globe 
would appear a capital satellite, undergoing the same 
changes of illumination as the moon does to the earth. 
The sun, planets, and the starry constellations of the 
heavens, will rise and set there as they do here ; and 
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heavy bodies will fall oii the moon as they do on the 
earth. There seems then only to be wanting^ in order 
to complete the analogy^ that it should be inhabited like 
die earth. 

It may be objected, that, in the moon, tliere are 
no large seas, and its atmospliere (the existence of 
which is doubted by many) is extremely rare, and unfit 
for the purposes of animal life:— that its climates, its 
seasons, and <i>e length of its days and nights, totally 
ditfer from ^'urs ;~that without dense clouds, which the 
moon not, there crni be no rain, perlnips no rivers 
and lakes. « 

** In answer to this, it may be observed, that the 
very diflereiice between tlie two planets strengthens the 
argument. We find, even on our own globe, that there 
is a mo!^i striking dissimilarity in the situation of the 
creatures that live upon it. While man walks on the 
ground, the birds fly in the air, and the fishes swim in 
the water. W e cannot surely object to the conveniences 
afforded by the moon, if those that are to inhabit its 
regions are fitted to their conditions as well as we on 
this globe of ours. The analogy already mentioned es- 
*tablisbes a high probability that the moon is inhabited. 

Suppose, then, an inhabitant of the moon, who 
has not properly considered such analogical reasonings 
as might induce him to surmise that our earth is inha- 
bited, were to give it as his opinion, that the use of that 
great body, which he sees in his neighbourhood, is to 
carry about his little globe, in order that it may be pro- 
perly exposed to the light of the sun, so as to enjoy an 
agreeable and useful variety of illumination, as well as 
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to give it light by reflection^ when direct light cannot be 
bad ; should we not condemn his ignorance and want of 
attention ? The earth, it is true, performs ^those offices 
which have been named for the inhid)itants of the moon, 
but we know that it also affords tnagnificent dwelling* 
places to numberless intelligent beings. 

From experience, therefore, we affirm, that the 
performance of the most salutary offices to inferior pla- 
nets, is not inconsistent with the digmty of superior 
purposes ; and, in consequence of such analpgical rea- 
sonings, assisted by telescopic views, whicli piamF^favour 
the same opinion, we do not hesitate to adrflit, that the 
sun is richly stored with inhabitants. ^ 

This way of considering the sun is of the utmost 
importance in its consequences. That stars are suns 
can hardly admit of a doubt. Their immeus^ distance 
would effectually exclude them from our view, if their 
light were not of the solar kind. Besides, the analogy 
may be traced much farther: the sun turns on its axis; 
so does the star Algol ; so do the stars called 0 LyraB, 

^ Cephei, r, Antinoi, oCeti, and many more, most pro- 
bably all. Now from what other cause can we, with so , 
much probability, account for their periodical changes ? 
Again, our sun s spots are changeable ; so are the spots 
on the star o Ceti. But if stars are suns, and suns are 
habitable, we see at once wfaat an extensive field for 
animation opens to our view. 

It is true, that analogy may induce us to conclude, 
that since stars appear to be suns, and suns, according 
to the common opinion^ are bodies that serve to eidighten, 
warm, and sustain a system of planets, we may have an 
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ilka pF nuiiiberkss globes that serve for ihe habitation 
of living creatures. But if these suns themselves are 
primary plaAets, we may see some thousands of them 
with the naked eye, and millions with the help of te- 
lescopes; and, at the same time, the same analogical 
reasoning still remains in full force with regard to the 
planets u liich these suns may support,’^ Sec Phil, Trans. 
1796. 

Tlie sun is ^accompanied in his progressive motion 
among the :^xed stars by eleven planetary bodies, which 
have Weady been enumerated, revolving around him 
from west Vo east in elliptical orbits, approaching nearly 
to circles, and visible to us by the means of the light 
which they receive from him. The real dislancesof the 
planets have been given in table, p. £35, and to esiable 
you readhy to call to your recollection the proportional 
distances of the primary planets from the sun, you may 
call the distance of the earth from that body 10, and 
that of Saturn 100; then the distance of Mercury will 
be 4, of Venur 7, of the Earth iO, of Mars 16, of Ju- 
piter 52, of Saturn 100, and of the Herschel 196. 

The motions of all the planetary bodies, except the 
four small ones lately discovered, are comprehended in 
a zone of the celestial sphere called the zodiac, the 
breadth of wdnch is IB'", and it is divided into two equal 
parts by the ecliptic. We “shall now proceed to these 
planets. 

Mercury, which is nearest the sun, and whose diame- 
ter is but about one-third as large as that of the earth, 
performs his revolutions in less than three months, and 
at the distance of 37 millions of miles from the sun. 
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He is rarely seen by (be inhabitants of the earth, and 
then only for a short time. He appears in the evenh^ 
a little after sun-set, and again in the tnSrning a abort 
time before sun-^rise. He is never so much as 28 de» 
grees distant from the sun, and cannot be seen at any 
one time either before or after the sun, more than about 
an hour and three quarters. For suppose B a B, fig. 2, 
the earth’s orbit, m x z the orbit of Mercury, and s the 
sun : if the earth be at £ and Mercui^ at m, it cannot 
be seen because of the rays of the sun. As ^approaches 
X it becomes visible, ahd for a short time it wl^appear 
as stationary at it will then be visible till*it comes so 
near n as to be hidden by the sun’s rays; as,Jiowever, 
it approaches z it becomes again visible, and ait z it ap- 
pears stationary. In looking at any of the plauets, we re- 
fer them to the fixed stars, c z p, and it is Evident to 
you that Mercury, though he makes his circuit in the orbit 
xnzm, will never be seen fartlier from the place^ of the 
sun z among the fixed stars than o or p,^ that is, about 
28 degrees from z. * 

You will also observe, that while Mercury is moving 
through one part of his orbit as from x, through m to z, , 
it will appear to move in the direction o z p, but when 
he conies to the other part of his orbit and moves ^iong 
z fH X, he will appear to move among the fixed stars in 
a contrary order, as in the direction p z o ; this is what 
is meant by the planet’s retrograde motion. You will 
now know that whaf is proved of the motions of Mer- 
cury is applicable to those of the other planets, and that 
to ail inhabitant on the earth, they may and will appear 
sometimes stationary, sometimes moving according to the 
order of the signs, and sometimes in a contrary dkaclion. 

M 
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^ou will likewise see the reason why Mercury and 
Venus can never appear in that side of the heavens which 
is opposite to the sun^ and why they are never seen far 
from the sun. 

The motion of Mercury, thus explained^ has been 
compared to tlie oscillations of a pendulum swinging 
backwards and forwards from o to p, and from p to o ; 
and it is found, that though the time of a complete os> 
ciliatioD varies, jet it is never less than 100 days, and 
never more jhan 1l50, and this variation depends on the 
motioiL^^i the earth combined with the motion of Mer- 
cury, to wb'ch we have not referred. 

You will easily conceive,, that a considerable time 
must have elapsed before observers of the heavens could 
ascertain tRat the stars which were seen approaching ihe 
sun in tke evening, ^nd, after a certain interval, were 
again visible in the morning, were one and the same. 
The suspicion was probably first excited from the cir- 
cumstance, of the one never being seen at the same time 
.with the other., 

The apparent diameters of Mercury and all the planets 
vary according to their position with respect to the earth : 

* as they are nearer to or farther from the earth, they ap- 
pear to us larger or smaller. When the planet Mer- 
cury passes from x through n to z, fig. 2, or when its 
motion is direct, it appears the smallest;, because it is 
farthest from the earth ; when its motion is retrograde, 
or when it moves along z m x, it ^ing nearest to the 
earth, at m it will appear largest, and is the largest pos- 
sible when it plunges in, or emerges from the sun’s rays 
*IQ this part of its orbit. 

Sop^etimes, when Mercury disappears during his re- 
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trograde motion^ that is, when it plunges into the sun’s 
rays in passing through z m x, it may be seen crossing 
the sun under the form of a black spot, "ifhis is what is 
called a transit of Mercury’’ over the sun. The tran- 
sits of Mercury apd Vfenus are really eclipses of the 
sun, which demonstrate, that the planets are opake bo- 
dies, and that they borrow their light from the sun, — 
Both Mercury and Venus, viewed through a good te- 
lescope, exhibit the same phases of^ho1*ned, gibbous, 
&c. as the moon. The light and heat enjdj^by Mer- 
cury is seven or eight times greater than what v?S enjoy, 
and the velocity of his motion is about 1(J5,000 miles 
ill an hour, . • 

Venus, the planet next in order, is the most beautiful 
star in the heavens, and is commonly known by the 
name of the morning and eveidlg star. She presents 
tlie same phenomena to us as those described of Mer- 
cury ; but her phases are more sensible, and her pscilla- 
tioiis are of longer duration. Since her greatest distance 
from the sun varies from 45 to 48 degrees, the mean 
duration of her oscillations is about 584 days. By the 
transits of this planet in the years 1761 and 1769^ the^ 
distance of the sun from the earth was accurately ascer- 
tained. The variations in the apparent magnitude of 
Venus are considerable : it seems largest when it passes 
over the sun, being then the^earest to the earth. She 
ciyoys about twice as much light and heat from the sun 
as the earth ; and she travels in her orbit at the rate of 
75,000 miles in an hour. 
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Of the Earth — Of the, Moon — The Earth a Globe— Dinmal Motion 
of the Earth — Annual Motion of the Earth— Of the Seasons. 

f 

The my dear sir, is the next to Venus; its 

diameter is reckoned about 7,91 1 miles, its distance from 
the sun is estimated at 95 millions of miles. In passing 
through Hs orbit, it travels at the rate of 68,000 miles 
in an hour, and takes 365 days, 5 hours, 48 minutes, 48 
seconds, to make its annual circuit. The earth turns on 
its axis in about £3 bArs 56 minutes, which produces, 
as you well know, the apparent diurnal motion of the 
heaverly bodies from east to west in the same time. 
Tliis diurnal motion of the earth causes likewise what 
we call the ristiig and setting of the sun, and the length 
of the days and nights? for in the morning, that part of 
^the earth on which we live, turns into the light of the 
sun, and we see it rising, as it were, in the opposite part 
of the heavens ; the farther we move into the light, the 
more the sun appears to move to us ; and in the even- 
ing, by our turning from the sun, or poking below its 
rays, we conceive the sun to have sunk from our sights 
The axis of the earth is inclined to the plane of its 
orbit in an angle of about degrees, and always pa- 
«rallel to itself; that is, the axis as it points to-day, will 
be parallel to the position it will have a month, or three, 
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or six months faencOi which is the cause of the sun en« 
lightening at one period of the year more of the northern 
parts of the globe^ and at another more of^ th^ southern 
parts : in other words^ the inclination of the axis of the 
earth is the cause of the various seasons of spring, sum* 
mer, autumn, and winter. 

The moon is au attendant on the earth, revolving 
about it in an elliptical orbit, in one of the foci of which 
the earth is placed : but as the eartl^revolves about the 
sun at the same time that the moon revolving about 
the earth, they may both be considered as^:^ing about 
their common centre of gravity ; that is, an imaginary 
point, which is as much nearer the earth than the moon, 
as the mass of the earth exceeds* that of the ntoon. 

The moon makes its revolution in its orbit (ound the 
earth in 27 days 8 hours nearly ; moving with a velocity 
of more than 2,200 miles in an hour. But while the 
moon has been going round the earth, the earth has 
moved in its orbit nearly a whole sign, and therefore the 
time between one new or full moon to another, or when 
the earth, sun, and moon, will be in on^ straight line, is 
29 days 12 hours nearly. The diameter of the moon is 
about 2,180, and its mean distance from the earth is* 
240,000 miles. It is very remarkable, that the time 
which llie moon takes to turn on its axis is precisely 
equal to the time it takes in^ making its revolution about 
the earth : so that its day and night are equal to our. 
lunar month. Another singular circumstance is, that the 
hemisphere of the moon opposite to the earth is never 
in darkness ; for when it is turned from the sun, it is 
illuminated by light reflected from the earth in the same 
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asr we trt edightened by a ftiH moon. But the 
opfK)site bemispheye of the moon has a fortnight's tight 
aUd datkntss by turus^ and an inbabitant of that part of 
the moon would never behold the brilliant %ht a£R>rded 
by the earth to bis antipodes^ unless he travels a thousand 
or two miles for the sight. 

Having given you a general account of the earth and 
rnoon^ I shall come to some particulars which hitherto 
1 may have sfecmeX to take for granted, but which are 
easily proved. Rsr instance, we have assumed that the 
earth *iJl!ind body, which b obvious from the follow- 
ing circumstances : (1.) When a ship leaves the shore 
and goes to sea, a spectator on land first Ipses sight of 
the hull, foen of the mast, gradually from the bottom to 
the top uand when a ship approaches land, the top-mast 
is first visible, and the hull last. See tig. 3. These 
appearances could not occur if the sea were a plane ; 
because, then every part of the vessel would appear or 
disappear at the same instant, or rather the htiii or body 
of the ship being so much larger tlian the mast, would 
be seen longer than the mast, which is contrary to ap- 
pearances. (^.) Several of our own countrymen, as Sir 
^Francis Drake, Lord Anson, and Captain Cook, and 
umny others, have actually sailed round the earth, always 
keeping in the same direction, and yet returning to the 
ports from which they set (3.) The moon is fee- 

qfUetitiy eclipsed by the shadow of the earth, and in all 
eclipses, the shadow is circular, which is another proof 
that the earth is a globe, which in all situations projects 
a conical shadow. (4.) In travelling towards the north, 
southern stars are depressed, and the northern stars 
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elevated : and the sm arrives on the mendiaB of ptei* 
that are more edsferly ‘sooner than to Ae meriAaii of 
those that are more westerly: that is, it is twelve oVlddc 
at noon, or night, sooner at Rome Aa» #1 Ixjndon, and 
sooner at London than at Lisbon* (5.)s The same gte- 
bular figure is inferred from the operation of levelling, 
or of conveying water in canals, &c. from one place t^ 
another, in which it is found necessary to make an allow* 
ance for the difference between the ^pparait and the 
real level, or for the figure of Ae earth* ^ 

The real or trae level is not a straightHii^, but a 
curve which falls below the straight or tangent 
made from any point, about Scinches in a mile; femr 
times eight, or 50 inches in two miles ; nine tfmes eigltt, 
or 70 inches in three miles ; and sixteeff times eight, or 
108 inches in four miles, and so on, always increasing as 
the squares of the distances. 

After all, it must be observed, that from actual mea- 
surement, h is found Aat Ae earth is not a'’ perfect 
globe, but a spheroid, the diameter^^ of the equator 
being about 34 miles longer than that between the 
poles. 

Having established the fact that the earth is of a gld* 
bular form, you will readily believe, that, as the earth 
must turn on its axis in 04 hours, or .Ae sun and stars 
turn round the earth in theosame time, it is more nattirsl 
that the motion Aould be in the earth than the 
trary. It will be no argument against it that you can- 
not perceive the motion ; because Ae motion of a Aip 
in a smooth sea is not observed by the passenger, who 
would infer, from his sight only, that external objects 
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ww moving from him^ rather than that the ship was 
moving from them. A similar deception is observable 
in travelling swiftly along a narrow road in a chaise, &c. : 
or to a person wittiug in a windmill while that is turned 
rapidly round. # 

Besides, it is known from observing spots on the snr- 
fuces of the sun and planets, that they have a motion 
about their axis, and the earth being a planet, may from 
analogy be supposed to partake of the same kind of mo* 
tion. Admitting then the revolution of the earth about 
its axis ^OKf" west to cast, and the phenomenon of the 
heavens appearing to turn from east to west is accounted 
for. As the earth is an opake spiierical body at a great 
distance fi^m the sun, one half of it will always be illumi- 
nated, while tfaewtber half remains in darkness. The cir- 
cle wdiich d^tinguishes the illuminated from the dark side 
of the earth, and which is the boundary between light 
and darkness, has been called the terminator : and a line 
drawn from the centre of the sun to the centre of the 
earth, is perpendicular to the plane of this circle. Sup- 
pose s the sun, (fig. 4.) and ones the earth, placed 
in an inclining position, t d represents the terminator, 
and as the earth turns on its axis, n s part of the dark 
side is perpetually coming into the light, and part of 
that which is light is getting into darkness, and when any 
point in the globe comes ipto the enlightened hemi- 
sphere, the sun is just risen to that part ; when it gets half 
way, or to its greatest distance from the terminator, it 
is then noon ; and when it leaves the enlightened hemi- 
sphere it is sunset ; and from that time till the sun is 18 
degrees beyond the terminator, it is twilight. 
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The same figure to which I have already referred, 
represents the annual motion of the earth about the sun; 
but you will perhaps ask for proof of did fact that the 
earth does revolve about the sun in a year. In the shaft 
of a very deep mine, the stars are visible in the day as 
well as in the night : th^ may also be seen by means of 
a telescope fitted up for the purpose* By this method 
' the sun and stars are visible at the same time. Now if 
the sun be seen in a line with a fixed stiir^ on any parti* 
cular day, it will in a fevv weeks be found' to the east of. 

‘ him, and by constant observations made at cei^ain in- ' 
tervals, we shall be able to trace him rounebthe heavens 
to the same fixed star from which we set out, cons^ 
quently the sun must have made a journey round the 
earth in that time, or the earth round the sun. But the 
sun being a million times larger than the earth, it is 
surely more natural that the earth should have the mo- 
tion than the sun. Besides, as they must move round a 
common centre of gravity, the quantities of motion in 
both bodies must be equal, and the |arth being the 
smaller body, must make up by its motion what it wants 
in the quantity of matter. 

iVgain, if the sun be regarded as the centre of the* 
planetary system, the bodies ail move about it agreeable 
to the universal laws of gravity, and the motion of the 
earth round the sun accords with the law of all other 
moving bodies, viz. that the squares of the periodical 
times are as the cubes of the distances.” The known 
facts cannot be accounted for upon any other principle ; 
nor can the motions of Mercury and Venus already des- 
cribed be understood on any other theory. 

M 3 
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It may further be observed, fliat the inhabitants of 
Ollier planets wHl consider the existing phenometiu as we 
do ; they, if they are ignorant of astronomy, will sup- 
pose the sun to move round them in their several years, 
as the uninformed here suppose be revolves about Sie 
earth in 36 j days. Thus an inhabitant of Mars would 
say the sun goes round him in two years: of Jupiter in 
twelve years : of Saturn in 30 years, and so on. Now, 
as it is impossibi^ that the sun can have all these motions 
■ really in ipjelf, it may be asserted that none of them are ^ 
real, bht that all are apparent only, and arise from tlie 
motions of^he respective planets. 

# You ;nay now turn again to fig. 4, which is intended 
not only to exhibit the annual motion of the earth, but 
to give you an idea in what manner the seasons are pro- 
duced. The sun enlightens half the earth, however it is 
situated. I have drawn you four diflFerent positions of 
the earih, from which you may understand bow all the 
changes .are produced. In June, the north pole is in 
the light, and ii is summer to the northern parts of the 
earth ; in December, the south pole is in the light, and 
is summer to the southern parts of the globe, and 
winter to the northern regions. In March and Septem- 
ber the sun's light reaches to the north and south poles, 
because a line drawn from the centre of the sun to that 
of the earth, will pass thrdugh the equator, or through 
that line which divides the earth into two equal parts ; 
whereas in J une such a line would pass higher than the 
equator g, as through b, and in September it would pass 
below it as at e : in the former case the sun, to enlighten 
half the globe, must shine much beyond the pole n, and 
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not so far as s : and in December the sttn will shine 
much beyond the pole s, and not so far as n. 

Hence you see the reason of long diys in summa^ 
and short ones in winter: for if I^ondon or Great Bri- 
tain be situated at 1, it is evident that in June almost all 
the circle on which it stands^ is in the light, and in De- 
cember almost the whole will be in darkness, and in 
proportion as the circle on which any place is situated is 
in light or darkness, the length of th^ day to that place 
is longer or shorter. Thus, in June the days are 16 
liours long in London, and the night only eiglit^ and in 
December the days are eight hours long «nd the nights 
sixteen. While the earth is moving from Libra, through 
CapricoVn to JVries, that is, from March to September; 
the north pole n being continually in the light, will have 
six inoiulis day : but while the earth is travelling from 
Aries through Cancer to Libra, the north pole will be 
ill darkness and the south in the light. When the earth 
is in Aries, or Cancer, we see the sun in the'opposite 
points of the heavens, or in Libra and^Capricorn. 

You will observe, that the sun is not placed in the 
centre, but is supposed to be fn the focus of the ellipse^ 
the consequence of which is, that the summer seasdh, 
or the lime in which the earth is travelling from Libra 
to Aries, is about eight days longer than ,tAe winter sea- 
son, or the time in whiah it is passing from Aries to 
Libra. You may perhqps inquire why |hen our winters 
are so much colder than our summers. The ^wer is 
plain; though we are two or three millions of miles 
nearer the sun in December than in June, yet the wea- 
ther is hotter in summer than in winter, because the suu 
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rises so much higher above our horison in the summer^ 
and therefore its rays fall more perpendicularly on the 
earth, that is/ with more force; and again, because the 
days are so much longer in the summer than in the win- 
ter ; ^ which means the earth and air are heated by tlie 
sun in the day, more than they are cooled in the night ; 
on this account, therefore, the heat will keep increasing 
in the summer, and for the same reason will decrease in 
winter when the^ nights are long, The earth being 
nearer the sun in Winter than in summer, causes the dia- 
meter of the"^ sun to appear lai^er in the winter than it is 
in the smnmor. 





LETTER XXVIIL 

w 

Of the Moon^Phescs of th^ Moon — EcUpies of the Hooii*^ 
Bcliptes of the Sao — ^Number of Eclipseo in a Year— -Of the 
Tides. 

The Moon is a satellite to the and revolves 

about it while the Earth is making her journey round 
the Sun. The Moon’s apparent place, viewed by a 
spectator on the Earth, is extended to a %reat circle 
among the fixed stars, and it appears to move through 
the twelve signs of the Zodiac in a month ; that is, in 
£7 da)s, 7 hours, 43 minutes,* this is called periodical 
month. The plane of the Moon’s orbit intersects the 
plane of the ecliptic in two points, making an angle 
with it of about five d^rees. The two points where 
the Moon’s orbit cuts the ecliptic, are called the nodes ; 
when the Moon crosses the ecliptic, i^^ in its nodes, 
but in all other parts of its orbit, it is above or below 
the ecliptic ; and according as it is north or south, it is . 
said to have north or south latitijfe. 

A synodical month is the time elapsed between one 
new Moon and the next, which is equal to QQ days, 12 
hours, 44 minutes. If the Earth were stationary, the 
periodical and synodical months would be the ^ame; 
but as the Earth moves forward in its orbit, while the 
Moon is performing its revolution, it has not only to. 
pass through its own orbit, but likewise to overtake the 
Earth again in its passage through the ecliptic : in the 
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same manner as if the two hands of a watch set out to* 
gether at twelve o’clock, the ipinute hand must not only 
make an entire circle, but part of a second before it 
over|||^ the hour hand. 

Moon is an opaque body, and shines by a light 
borrowed from the sun, which illuminates one half of 
its body, and leaves the other in darkness. An inhabi- 
tant of the Earth perceives different degrees of this 
illumination, according to the various positions of the 
Moon with respect to the Sun and Earth, as is evident 
from the figure which accompanies this. If k (hg. 5.) 
be the £ai\h, and A, B, c, d, &c. the Moon’s orbit, 
then the ^figures beyond will represent the appearance 
w^hich the Moon sliews to a spectator here, in its several 
positions. When the Moon is at a, between the Earth 
and Sun, \iB dark side will be towards the Earth, and it 
will be invisiUe, as it is represented at a, and as it really 
is at change or oew-moon. When the Moon is at », 
the small part 4Si> x z, will be seen at k, and its appearance 
to a spectator there will be such as the lig^it part of b 
sbewai In the position c, the light part ax z is seen at 
• the Earth, under the ^pci^rance of the light part in c : 
at D, still more of the^iaminated side is turned to the 
Earlier and at £, the whole enlightened half of the Moon 
is turned to the Earth, and it appears full-moon, as at e. 
Hence, you aee how the Moon waxes and wanes : why 
it disappears, why it becomes horned, gibbous, &c. 

The Eardi serves to enlighten the Moon, in the same 
^manner as the Moon enlightens the inhabitants of the 
but it appears to the Moon about IS times 
Wger than the Moon appears to us, and the changes 
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take place m a contrary order ; that is, when the Moon 
a{)pears full to tts, the Earth must be iii cotgiinctioii 
wHh the Stm, and disappear to the Moon* Soon after 
the nuar-moon, the whole body is dimly seen, inde- 
pendently of the illoniinaled crescent, which proceeds 
from the light that is reflected On it from the Earth : for 
at our new-moen, the Earth appears as a full-moon to 
the lunarians, ^nd part of the light which they receive 
from us, is reflected back again to they Earth. 

An eclipse of the Moon is a privation of li^t caused 
by tlie interposition of the Earth between the Sun and 
Moon which intercepts the Sun’s rays, iii^nd prevents 
them from illuminating the surface: you know tbai 
every opaque body presaited to the light, whether of 
the Sun, or a candle, projects a shadow behind it. The 
shadow projected by the Earth is always ebnical, and 
when the Moon passes through this shadow, its light is 
eclipsed. The shadow being conical, it is larg^t at the 
base, and runs off to a point; now according to the 
position of the Earth and Moon, the J^ter m\i be some- 
times nearer and somelinres farther from the foimer, 
and in proportion to its nearness it wilt have a wider 
space of shadow to pass through ; in other words, the 
nearer the Moon is to the Earth during an ediptse, the 
longer the eclipse will last. 

The Earth’s orbit is in die plane of the ecliptic, when 
viewed from the Sun, consequently its shadow tends di- 
rectly to that ptd't of the heavens ; and as the Moon’s 
orbit has an inclination of about five degrees with the 
ecliptic, and only crosses it in two points, called its 
^nodes, the shadow of the Earth cannot fait upon the 
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Moon, except it is in or near one of its nodes, when 
the Moon is full, or when'it is in opposition. See fig. 
^6 and 7: in fig. 7, you have a representation of the 
manner in which an eclipse of the Moon ocdhrj« s is 
supposed to represent the Sun, m n the Earth, and m the 
Moon in its orbit o 5 just entering, or coming out from 
the shadow; and you observe how the Moon m is 
situated at the time of an eclipse : the Earth is between 
it and the iliumioating body, the Sun, and so it is every 
full-moon ; but in some cases the Moon passes above, 
and in. some below, the shadow Of the Earth, and in 
either of these situations there will be no eclipse. This 
is easily proved. 

Let a line a d represent a part of the ecliptic, the 
plane of which coincides with that of the Earth’s orbit, 
and the line c B, part of the orbit of the Moon, cross- 
ing the ecliptic at h ; and the point h, where they cross, 
is called the node. Now, if e, f, g, h, represent sec- 
tions of the Earth’s shadow in different positions of its 
orbit, when the ^oon i, approaches its node h, and the 
shadow of the Earth is at e, there will be no eclipse ; 
^but if the Earth's shadow be represented at f, g, h, 
then the Moon in its passage to b, will just touch the 
shadow F, it will be totally eclipsed at g, and it will be 
totally and centrally eclipsed at h. When the MoOn is 
full, it sometimes happens tbs^ the Earth’s shadow is too 
low or too high for the Moon ' to enter in it, as at £ ; 
sometimes it is found as at f, or o, or n, and on this 
depends the nature of the eclipse, or whether there will 
be an eclipse at all. 

*Tbe duration of an eclipse depends, as 1 told you* 
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before, on the length of the shadow it has to pass 
through, and the duration of a central eclipse, or the 
time that |})e Moon takes from entering the ^adow at M, 
till its egress at m, is about four hours, during two of 
which the moon passes through three times the length of 
its diameter totally eclipsed. 

In speaking of eclipses, we suppose the Moon’s 
diameter to be divided into 12 equal parts, called digits; 
and the magnitude and duration of a partial eclipse are 
denominated by the number of these* ^digits which are 
obscured : thus, if a half, or a third, or a fourth of the 
Moon be obscured, we call it an eclipse of ^ or 4, or 3 
digits. 

The Earth, like all other opaque globular bodies which 
receive the Sun’s rays, not only throws a dark, converge 
ing or conical shadow behind it, but has likevyse a thin 
diverging shadow on each of its sides, as A M B, and 
A K c, called the penumbra, or almost shadow, which i$ 
occasioned by a partial obscuration of light from the 
Sun. 

If s be the Sun, and m n the Earth rSceiving its rays 
on its surface, there will be a dark shadow man, which 
cannot receive any of the direct light from the Sun, and^ 
a penumbra, or thinner shadow, will fall on each side, 
more or less dark, according as it is nearer to or further 
from M A and n c. It is evident that the Moon passes 
through the penumbra before it enters the 3ark shadow, 
and having! passed the shadow^ it traverses the opposite 
penumbra before it resumes its usual briglitoess. 

Lunar eclipses are visible over every part of the Earth 
that has the Moon above the horizon, and the eclipse 
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appears of the same length and magnitude to all Viho 
see it. Theeast^ side of the Moon enters the western 
side of the s^hadow, and passes out at the eastern. You 
see by the figure^ that central eclipses must be the 
longest ; but these are not always of the same length ; 
because the Moon is sometimes in apogee, or the far- 
thest from the Earth ; sometimes in perigee, or the 
nearest to the Earth : sometimes the Earth's distance 
from the Sun is greater or less, and as it is in aphelion or 
perihelion ; that Is, the farthest from, or nearest to the 
Sun, the duration and quantity of the eclipse will vary. 
The greatest variation is, however, no more than about 
20 minutes, the longest central eclipse being 3 hours, 57 
minutes, *and the shortest 3 hours, 37 minutes. 

The Moon, in an eclipse, lias usually a faint copperish 
appearance, which is attributed to the refraction of the 
rays of light by the Earth's atmosphere, and which are 
sent from that to the surface of the Moon. 

EcHpses, as you know, depend on the Moon's nodes; 
now these nodes have a retrograde motion with regard 
to the signs, and this motion is equal to about in a 
year; so that in 18 years, 225 days, the nodes pass 
“through the 12 signs, and come into tlie same position 
again ; and this space of time is the period of succession 
before the same eclipses fall in the same part of the 
ecliptic. 

I will now lead you to the consideration of eclipses 
of the Sun. What is called an eclipse of the Sun, is 
loused by the interposition of the Moon between the 
Yi|nn and the Earth, of which fig. 8 is a representation. 
Here s is supposed to be the Sun, t the Earth, and n 
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the Moon^ in that part of the oHbit which k between 
the Earth and Smi. Now the dark part, a(5 uf, is the 
conical shadow projected by the Moon, and this, as die 
Moon passes by the Earth, will overshadow di&rent 
parts of the Earth’s surface in succession ; on each side 
of the conical shadow is a penumbra ; namely, in the 
spaces xtZf and z«es, because in these spaces there is a 
partial privation of the rays of the Sun. 

As the Moon is so much less than ti^e JBarth, it can, 
as is shewn in the figure, only cover I small part of it 
by its shadow ; therefore to those parts which are gut of 
the shadow, there will be no eclipse, for tp them the 
Sun will appear as usual. Ttie Moon’s shadow rarely 
exceeds ISO miles in diameter, thbugh the p^enumbra 
extends much farther both ways. The course of the 
Moon’s shadow on the Earth is generally from west to 
east, inclining to the north, if it be in the ascending 
nude, and tnclming towards the south, if it be in the 
descending node. ^ 

The whole time that the shadow and^ penumbra take 
to pass any given point, is called the eclipse ; but the 
total eclipse is only whilst the darkest part passes the 
place. If the Moon be in its apogee, or greatest dis*" ' 
tance from the Earth, its shadoAV is not sulficiently long 
lo reach the Earth, and the Sun appears like a luminous 
ring round the dark body <af the Moon : this is called 
an annular eclipse. 

Professor Vince observes, that the ecliptic limits of 
the Sun, to those of the Moon, being nearly as S to 
there will be more solar than lunar eclipses in about the 
same ratio. But more lunar than solar eclipses will bh 
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at any given place ; because a lunar eclipse is visible 
to a whole hemisphere of the Earth at once ; whereas a 
solar eclipse is visible to a. part only, and therefore there 
is a greater probability of seeing a, lunar than a solar 
eclipse. Since the Moon is as long above the horizon 
as below, every spectator may expect to see half the 
number of lunar eclipses which happen. 

An eclipse of the Moon, arising from a real depriva- 
tion of light, must appear to begin at the same instant of 
time to every place on that hemisphere of the Earth 
which, is next the Moon. Hence it affords a ready 
method of finding the longitudes of places upon the 
Earth s surface : for, if to a person at Greenv^icli, the 
eclipse begins at 10 o’clock, and at other places it is 
observed to begin at 9 o'clock, or at eleven, then those 
places will be 15 degrees west and east loiigitiide of 
London. 

The greatest number of eclipses which can happen in 
a yeaf^is seven ^ and when this occurs, five will be of 
the Sun, and two of the Moon. The least number will 
be two; and in this case, they will be both solar: for, 
in every year there must be two solar eclipses. The 
•^mean number in a year is alH>ut four. In total eclipses 
of the Sun, the planets and some stars of the first mag- 
nitude liave been seen. 

There are two seasons in the year when eclipses hap- 
pen: that is, when the Earth approaches near each’ 
node; and as the nodes lie at opposite points of the 
Earth's orbit, these seasons would be at the distance of 
, ialf a year from each other, if the nodes were stationary : 
as tlie nodes have a retrograde motion of about 19 





degrees in a year, and as the Earth moves, about cue 
degree in a day, the seasons of eclipses will return at an 
interval of about 9 or 10 days less than haff a year; so 
that if there be eclipses in the middle of April, they 
may be expected again early in October. Thus, in 
1809, there was an eclipse of the Sun, April 14, and 
one of the Moon, on the 29th ; there were also eclipses 
of the Sun and Moon on the 9tb and 23rd of October. 
In 1*808, there were five eclipses ; one of the Moon, 
May lOtb, one of the Sun, May 25tfa; one of die 
Moon, October 19th, and one of the Sun, November 
3rd ; and one also of the Sun, November th. 

Before we leave the astronomy of the Earth, it may 
be proper to observe, that the tides in rivers, as those in 
the Thames, and in the sea, arc produced chiefly by the 
attraction of the Moon on the waters, thou^ the at* 
traction of the Sun has some influence on the occasion. 

If you look into Moore’s Almanac, or into the Epbe- 
meris, you will see that the time of high water » cal- 
culated for every day in the year ; and calculated 
upon the knowledge of the Moon’s and Sun’s attrac- 
tions. At an average, the time of high water varies 
about three-quarters of an hour on each day : thus, it is 
high water to-day, the 18th of March, 1821, at 58 
minutes past one, and to-morrow it will be 31 minutes 
past two before it is high nvater. Sometimes the dif- 
ference of time is not above half an hour, and at other 
times it is an hour and a quarter. 

You know there is an attraction between all bodies, 
of course between the Earth and Moon ; and when the 
Moon passes over the sea, it raises the waters, and 
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causers high tides^ not only in that part under the Mooii; 
but in the opposite side of the Earth also* 

It is easy to perceive bow the attraction of the Moon 
should occasion a rise of the sea on the side which is 
turned towards her ; but it is not so easy to comprehend 
bow this could take place on the opposite side of the 
Earth. 

To understand this^ you must recollect, that from the 
universal law ot gravitation, every particle of the Earth 
and Moon are drawn towards each other, and that in die 
inverse proportion of the squares of their distances. 

Let a hr d efg h (fig. 1, misc. pL ii.) represent the 
Earth, and let the Moon be supposed to be situated in 
the direction m m m. Now the points ate being at 
nearly the same distance from the Moon, will gravitate 
alike towards her, in the directions a i e m. Let 
a dy i i', t d represent the degree of force with which 
they are drawn towards the Moon; hut the particles 
h ond"d! being nearer to the Moon than a, i, and e, will 
gravitate more ^ban them towards her, as by the spaces 
h Vy d d', and the particle c, which is still nearer, will be 
yet more affected by her influence, and consequently 
^removed to the greater distance c d : hence it is evident, 
that the semicircular arc, a b c d will become more 
and more curved as we approach towards r, where it 
will be most protuberant.^ -In like manner, the parti* 
cles f and A, in the opposite hemisphere, being less 
drawn from their situations tlian a i, or e, are moved 
over the spaces and h A' less than a d, i and e d, 
and the particle g, the most remote, is moved by the 
l^t quantity gg^, and hence the same effect is produced 



ECLIPSES. 


'263 


ill this as in the other hemisphere — an increase of curva- 
ture as we approach towards g. By this means^ the 
Barth will assume an elliptical form, having the trans- 
verse axis in the Erection of the attracting force ; and 
thus it is that in%very lunar day we have two high tides ; 
the one on the Moon passing our meridian, and the 
other on her passing the meridian of our ant^^odes. 

The attraction of the Sun, as well as that of the 
Modp, occasions a variation of tide, but pot in so gre^h 
a degree : this arises from the Sun beiTig at such an im- 
mense distance from us, that the gravitation of the jparti- 
cles ah cd e towards him, differ less in propprtion from 
each other than the gravitation of those points towards 
the Moon. ‘ * 

The effect of the Sun, however, upon^e tides is 
very sensible, as may be seen by what are calfed spring 
and neap tides ; the former are those which take place 
about the full and new Moon, (which are much the 
highest, in consequejjce of the Sun and MooA then 
acting together), the latter are when the Moon is in 
quadrature, and are much the lowest, which is occa- 
sioned by the Sun and Moon at those times acting in a 
manlier so as to counteract each other* 
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Of Mart— Of Pallas, Juno, Ceres, and Vesta— Of Jupiter— Of 
Satnrn — Of the Herscbel — Method of measuring the length of a 
Degree, and finding the Distances of tlie Earth and Planets from 
the Sun — Methdd of finding the Longitude. 

I 3HALL, my young friend, conclude what I have to 
say on astronomy in this letter ; beginning witli the pla- 
net Mars, which is next in order to the Earth, and the 
first of the superior planets. This planet is of a dull 
reddish colthiir, and sometimes appears as large as the 
planet Venus. He is not subject to the same limitation 
in his apparent motions as Mercury and Venus, but 
sometimes appears to be near the Sun, and sometimes in 
the opposite part of the heavens, ibat is, rising when the 
Sun sets, and retting when the Sun rises. 

Mars, and the other superior planets, appear to move 
from west to east round the Earth ; but their moiiotis 
are sometimes direct, sometimes retrograde, tiiid some* 
timea they appear for several days to be stationary in 
one part of the heavens. Mars is stationary when he is 
about 1 57 degrees from the Sun ; then his motion be- 
comes retrograde, till he comes again within 137 degrees 
of the Sun, when bis motion is direct, and continues so 
for about 73 days ; it now approaches the Sun, and at 
length is lost in the evening in its rays. 

Let A & c, fig. 9, represent the orbit of the Earth, 
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F G H ihe orbit of Mars^ and l m iht spfaera of the 
fixed stars : now when the Earth is nt x, and Mars at n, 
i^t planet is said to be in opposition to thb sun ; biit if, 
while Mars is at n, the Earth is at s, it is said to be ih 
conjunction. The Earth moves faster than Mars; white 
the Earth moves from w to Mars will move from o to 
n ; and while the Earth moves from x to o. Mars will 
have travelled from n to m. It is clear that while the 
Earth is moving from zo to v, Mars, which has actually 
moved from o to m, will appear to have had, ambng the 
fixed stars, a retrograde motion from a to c. Hence, a 
superior planet, for the same must be tru» of Jupiter, 
Saturn, &c., is retrograde while it is travelling in oppo- 
sition. But if the Earth be at x, and the planet at it, 
then, while the Earth moves to u, p, &c., the planet 
Mars moves to m, y, &c., and appear! to miove in a 
direct order. As, then, a superior planet appears to 
move sometimes direct, and sometimes retrograde, it 
must appear stationary *at the two points where the 
motion changes from on(| to the other. , 

When the planet is in^^Pfposition at n, it will be full- 
faced ; so it will to a spectator at z ; but if /c be the 
position of the planet, then a spectator on the Eartli 
will have a small portion of the dark part turned to him, 
and it will not be full orbed to the Earth, but appear 
gibbous, like the moon a liule before or after it is full. 
But if the planet be at a very great distance from the 
Sun, compared with the Earth’s distance, there will be 
so little of the dark part turned towards the Sarth, that 
it will, as to sense, appear full orbed. This is the case 
with Jupiter, Saturn, and the Herschel, which betwedn 
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conjunction and opposition are observed to appear full 
orbed on account of their great distances. 

There is a great analogy between Mars and the EartH; 
their diurnal motion is nearly the same ; they have nearly 
the same inclinations to the ecliptic, and therefore their 
seasons are not much different. Dr. Herschel has no 
doubt, that it has a considerable atmosphere, and that 
the bright sj>ols, visible in its polar regions, arise from 
the reflection •of. the light from the mountains co J-ered 
with ice and snow. The figure of Mars is that of an 
oblate spheroid, whose equatoiial diameter is to the po- 
lar one as 16 to 13 nearly. 

In the interval between Mars ai.d Jupiter, four smaller 
bodies have been discovered revolving in orbits coii.si- 
derably inclined to the ecliptic. Dr. Herschel denomi- 
nates thenr asteroids, and they have been named by the 
astronomers who made tlie disc(‘very, Ceres. Pallas, 
Juno, and Vesta : the first was discovered by M. Piazzi, 
the second and fourdi by Dr. Olbers, and the iliird by 
M. Harding. 

^ VI 

Jupiter is the large.st of all the plain ts, his diameter 
is eleven limes as great as that of the Eaith, and, as bo- 
^ clies are to one another as the cubes of their diameters, 
Jupiter is 1331 time.s larger than the Earth; but the 
force of gravitation at his surface is only triple the ter- 
restrial gravitation. The figure of Jupiter is evidently 
an oblate spheroid, the longest diameter being to the 
shortens! as IS to 12. His rotation is from west to east, 
and the plane of his equator is nearly coincident with 
that of his orbit ; so Aere will be scarct ly any difference 
.<yf seasons in that planet. He revolves round the snn m 
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about 12 years, at a little more than 3 times ibe Earth’s 
distance from the sun, of course he enjoysj25 tiniies less 
Ikht and beat than what the inhabitants of the Earth ex* 
periencc. His rotation is performed in less than ten 
hours. With a good telcicope, certain appearances 
may be observed on the surface of Jupiter, called bells, 
which are variable in number and position ; sometimes 
only one is visible, sometimes seven or eight have been 
ctncc. •* 

Jupitci has four moons consliuuly accompanying him ; 
all of them, on aecouiit of tlieir great distance, seAi to 
keep lu ai then' piimary, and ilieu apparent motion is a 
kind of ohcillatioij like that of a pendulum, goi 4 )g alter- 
natcls non» llieii grcatc:! distance on oiie side, to the 
greatest distance on the other. When a satellite is in its 
ftuperioi semicircle, or that half of its oibil vvhicli is 
more distatJl fiom the Ivailh than Jupiter is, its inolion 
appear-* to us direct, or according to the order i)f the 
signs ; but in infeii r t.cniiciicle, that is, when it is 
neai\.j lo as than Jupiter, Its molion apj^’ars retrograde, 
rile satelhtos of Jupiter must fiequctuly he eclipsed,’ 
and from thrse eclipses the longitude of unknown places, 
IS diH^vucd; foi the times of the ellipses are talcu*' 
hied f )i the meridian of the llo^al Obstrvalory at 
(irctiiw icb, and put down in the Nautical Almanack, 
which is always published sofne >cars befoieband, and, 
thereloie, the times of their happening at other places 
may be compared, and the difference ol time turned 
into degrees and miiiuiefa, gives the longitude from Giccn* 
wich. , 
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ExAHX^Lfi, By the table 1 find that| oo the 8d of 
September, of the preaent year (ISIO), there is an 
eclipse of Jiqpiter’s first satellite at 2 haors, 13 minutef, 
fi8 seconds ; but if on board a ship, or at any unknown 
place, 1 find it to happen 4 hours, 1 minute, 48 seconds, 
1 know the difference of time is 1 hour, 48 minutes, 
20 seconds, which, converted into degrees, will give 
27 degrees, 5 minutes east longitude from Greenwich ; 
for each hour bf 'time is equal to lo degrees ; of course, 
1 hour, 48 minutes, is equal to 27 degrees ; and 20 se- 
conds* of time is equal to 5 minutes calculated on the 
equator. 

The diameter of Saturn is ten times as great as that 
of the Earth ; consequently its bulk is a thousand times 
the bulk of the Earth ; but on account of the smalier 
density of ' its substance, the force of gravity at his sur- 
face is but little more than it is at the surface of the 
Earth ; in other words, the substance that weighs a 
pound or a ton here, would not weigh much more at 
Saturn, but on the surface of Jupiter it would weigh 
three pounds or three tons* Saturn revolves in his 
orbit in less than 30 years, and his rotation on his asus 
takes but little more than 10 hours. He is accompa- 
nied, by seven satellites, two of which were discovered 
by Dr. Herachel. The most remarkable circumstance 
attending this planet is the^^ppearance of a double ring 
about him, suspended over his equator, and revolving 
with a rapidity almost as great as that of tlie planet. 
The light refiected from the ring is generally brighter 
than tliat of the planet ; for the ring appears sutBciently 
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bright when the telescope affords scarcely ligtt enoi^h 
to Observe Saturn. The dimensions of the rii^ and 


t accs are as follow : * 

Miles. 

Inner diami^ter of the smaller ring 146,345 

Otttside diameter of do * 184,393 

Inner dian^eter of the larger ring 1 90,348 

Outside diameter of do 204,883 

Bread^ of the inner ring * • 19,474 

. kreMh of the enter ring * . - ^,260 

^ *^i£iidth of the meant space, or dark eolic 3,937 


The Herschel, so called from its discoverer, revolves 
in of Our years, at a distance from tho» sun equal io 
19 times that of the Earth. Its diameter is more than 
4 times that of the Earth, yet it can rarely be disco- 
vered by the naked eye. 

It appears from the foregoing observation!, that Mer- 
cury, Venus, and Mars, are opaque bodies, because they 
do not always shine with full faces, that part towards the 
Earth, which is not towards the sun, being dark. Jupiter 
and Saturn cast shadows and eclipse tfa^ir satellites, and^ 
therefore, must be opaque bodies, and hence it is in- 
ferred, that the Herschel is also an opaque body, though, 
hitherto it has not been in a situation to eclipse its sa- 
tellites. 

Comets are solid bodies revolving in veiy eccentric 
ellipses about the sun in one of the foci, and are subject 
to the same laws as the planets, but they differ from 
them in appearance. They exhibit but a foint light, 
and generally as they approach the sun a tail begins to 
appear, which increases till the comet comes to its peri- 
helion, then it decreases and vanishes. 
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Upwards of 500 comets have been observed at dif- 
ferent times, and the elements of the orbits of more haii 
100 have been correctly ascertained. 

By the elements of a comet’s orbit are meant, t|!e 
place of the perihelion, or nearest approach to the sun, 
the time of its passage tlwough the perihelion and p<ai- 
heli<in distance, place of the node ar»d inclbiation of the 
orbit to that of the earth. 

By comparing tlie elements of comets together, s^^veral 
have been identltied, and (heir periodic ' 

thereby determined. This was the case with the cojnet 
of lb82, (lie return of \^hich was predicted by Di. 
Kdmund Halley, from the remarkable coincidence of its 
elements with those of 1531 and Ui07. This predic- 
tion was completely veriliefl by the re-appcaiance of ilu- 
comet in 1759, seventeen years after the Docloi’t' death, 
tliongli in rather an unfavourable position to lie seen from 
onr earth. Tlie same comet will appeal* again In the 
year 1334, its period being 75* years. 

The most remarkable comet that ever appeared is the 
one observed in KiBO. In its perihelion it appioached 
so near to the sun as to be les^ than onc-sixth of his 
diameter from him. it is supposed by Sir Isaac New- 
ton to have a period of 575 years, and lobe the sainc as 
is recorded to have been seen in the years 1 lOO* and 
531 of the Christian lera, and 44 before Christ. 

The comet of 1810 and IBU was a very splendid 
and beautiful orbit. The French astronomers liave cal- 
culated its orbit, and suppose it to have a jieuod of 
2400 years ; but by others it is llioiight to be the same 
is that uhich appeared in 1300 and 1301, which would 
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make its period only 510 years. The plane of this 
comet’s orbit is nearly perpendicular to that of the 
^a/h. * 

I But the comet which has perplexed astronomers more 
il'ui any other, is that nhich was seen in 1770. It is 
^npp(.).scd to Lave a period of not more than seven years 
and a half, lyough it never has been seen since. 

'The calafilalion of the orbit of a comet has alvvays 
bcci/coi^lercd one of the most difficult problems in 
ny. This miscs paitly fiom oiTr not being able 
to trace them through any considerable part of their or- 
1)1 ts, and partly from their being such ill-defined oTyecls 
as to render it almost impossible to determine with ac- 
curacy their appaient places in the heavens. • 

You still, perhaps, wonder bow the magnitude of the 
earth, and the distances of the sufi and planets from it, 
are a>certainerl. The subject does not admit of a very 
easy explanation, but yet, I trust, I can say enough to 
satist\ \oiu mind, that the thing is possible, though you 
have not acquired a sufficient knowledge to perform the 
^ask yourself. I will begin with the "measure of the 
eailh. 


Lot A n c D, fig. 2, of miscellaneous plate ii, repre* * 
sent the earth, a a star in the zenith of an inhabitant at 
A, and d a star one degree to the northward or South- 
ward of a ; then, if an observer proceed from A towards 
n, until he get the star d in Ins zenith, or, what is the 
same thing, until he get a one degree to the south or 
north of his zenith, he w ill have moved over one degree 
of latitude on the earth. Let this point be d, and let 
him measure the distance of a from b, which be will 
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find to be 69^ ©f an Engfisfa mite; btit if l^r:69j^ 
of a mile, 560"*, or tlie whole circumfereace of the 
will be equal jto 24,912 miles. 

The distances of the sun, moon, or planets, from thn 
earth are found by means of what is called their parallax. 
By parallax is meant the apparent change of situation in 
any object, arising from a change of placu in the ob- 
server. Thus, for instance, suppose I wea' to see a 
star from my partour window, just over the ol^^^ the 
building which is <vpposite to me; — ^if 1 go up iutc 
drawing-room, I shall see the same star some distance 
above it. Now this can only arise from an apparent change 
of place either of the star or of the building; that it is 
not in lbe*’apparent situation of the star is evident, be- 
cause we know from experience, that no change of place 
on our glo|)e, however great, can produce any sensible 
change in their places, so prodigiously distant are they 
from us; it must arise, therefore, from an apparent 
change^of place in the building, and this change is called 
parallax. 

Now, in place of a fixed star and a building, let us 
suppose a fixed star and the moon, the case will be 
"just die same, with this difference only, that the moon 
being much more distant, it will require a proportion- 
ably greater change of place in order to render her pa- 
ralhx sensible to the spectator. 

Let N B £ A s represent half of our globe, then will 
z be dbe zemtb of a spectator under the line at e, and 
let a and b be two ptecea, one to the northw*ard, and 
tbe other 30^ to the southward of £, then will a star at 
z appear to a sftectiAor at a S(f north of hb zenith, and 
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to A spectator at b tile same star would appear 30^ south 
or the zenith^ and this would also be the^case with the 
mooni were she at the same immense distance ; but it is 
mund from observation^ that when the moon is in the 
zenith of a kpectator at e, she appears S<>^° from die 
zeniths of tie spectators at a and b, and consequent^, 
that there is a parallax, or apparent change, in her situ- 
ation in gjbing from a to b, but the distance between o 
one-sixth part of the ear^hVcircumference, 
is equal to her seoii-diameter, and therefore a change of 
situation equal to the earth^s semi-diameter causes a pa^ 
rallax of V. • 

From a and b draw two lines,, one making an angle 
of 30^ ' with a z\ and the other a like angle with 
these lines will evidently meet at m, the place of die 
moon, and the distance of m from e will be found to be 
about 60 times ab, or in other words the moon is 60 
semi-diameters, or 240,000 miles from us. 

The distances of the sun and planets are found in the 
same way, but being much greater 4han that of the 
moon, their parallax will of course* be much less. 

This being a very important problem in astronomy, 
will now shew you how the same result may be obtained 
from one station only. , 

Let B A G be half the earth, s the sun, and m the 
moon, the arc, £ K L, is that which represents cite 
fourth part of the moon’s path, c k s is the raidonal 
horizon to ah observer at A, but his sensible holiioti is 
AC; A L c is the angle under which the eadth’s semi- 
diameter A c, is seen from the moon L, which is equal, 
by a theorem in geometry, to the angle l a o ; a s c is 
N 3 . ‘ 
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the angle under which the earth’s semi-diameter is seen at 
the sun, and is equal to o A /*. Now, it is found Vy, 
observation, tiiat the angle o a l, or its equal a l c, h. 
much greater than the single o a J\ or its equal A s c, 
which proves that the earth’s diameter ^ c, as seen 
from the muon, appears much larger than t does when 
seen fjoin the sun s, consequent!) the earth much far- 
ther from llic sun than from the moon. \ 

The quantity ef^lhe angle o a l is found by 
tioii in tlie following manner : By means of the quad- 
rant, ,A o d, we hud the exact time that the moon takes 
in passing fi^om the meridian e to the sensible horizon 
0, which will a[jpear as a quaitcr of a circle, but it will 
be less than a quailei of a circle by the arc o l, and o L 
is the measuic of the angle o A l, equal to the angle 
A L C, w h«ch subtends the semi-diumetei of the earth. 

Now it is known that the moon revolves completely 
about the earth in 24 hours 48 minutes ; of com sc it 
takes hours, 12 tninutes ni passing ftoin £ to l; 
therefore the time laKCU to pas;* from k to o, subtracted 
from G hours 12 minutes, gives the lime taken to pass 
through the arc o l, which, turned into degrees and 
minutds, giv^'s llie arc o l, or the measure of the angle 
o A L, or A L c, the moun’s hmizontal parallax ; then, 
to fmd A L, the distance of the moon from the caith, 
we say, by a lule in tiigononeiry, as the size of the angle 
A LC is to AC (or the semi-diameier of the earth, which 
is known by other means) so is the sine of the right angle 
A C L, or 9<) degrees, to its opposite side a l ; this 
ix>mes out to be about £40,000 miles from the eariln 
* There are other methods in use which are more ar- 
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cur^te^ but this will suffice to show you that the thing 
mji^ be done. To find the length of a s, or the distance 
Af the earth from the sun, is much more difficult, be- 
cause it is almost impossible, by any common methodi 
to find the quantity of the angle a s c. This, however, 
is discoveralie by the transits of Venus, of which there 
was one in / 76 I, and another in 1769, and by these it 
was^eteyfiiiied that the horizontal parallax, or the angle 
equal to 8* seconds, which^givts the distance 
A c, about 95, 000, 000 miles. 

The distance of the earth from the sun being founds 
the distances of ail the other planets are t'asily found ; 
because the limes of their (leriodical revolutions are 
known by observation; but tlie times are to one another 
as the cubes of their distances from the sun : thus, if T 
be the periodical time of the earth in its orlfil, and that 
ot any other planet w e say as 
T“ : : : 95,0()0,66oh : D rrthe cube of ^the dis- 

tance ol that planet. Here llie three first terms being 
known, the other is found by the rnle^^f three, and the 
cube root being extracted, we gtt the distance of the 
planet from the sun. 

The distances the heavenly bi>dics being determined, 
liieir magnitudes may be calculated from their apparent 
diameters ; and thus it is that astronomers are enabled 
to describe the real orbitsv and the actual magnitudes of 
the sun, moon, and planets frtun their parallaxes, and 
apparent motions and diameters. 

Having made you acquainted with the theory of 
asironomy, I will now endeavour to explain to you some 
of its practical details, and show you how it enables die 
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liHtMet fo afeei* lib Ae tbtekfeiffi oec;in, 

Widt of pfediijtott ibaf b Aftoiudfiilt^. Yh' 

81%' sufficieMly MifaiibMd with geogrtj^y uy Inow tb8t 
il(t( idfitatioiw df (difcM mtt tttidlcod dn dte earth hy 
bttbM of dieit laritndea and longitodea. I'he eleVAdon 
of ihe tadble pole «h 6 ve the hoiiaob is ah^ys e^Ol to 
the bUtude of the place, and (he efevatibO of die e^ator 
to ^ Complement Of lafitilde. 

The first thing .a seaano has to do, is to ascer'tebiJc w*-, 
latitude ; this is found by taking the altitude of die ttm 
dt noon, or of a star at night, whilst passing the meri- 
dian. The^un or star’s declination being known, the 
bfittide ipay be found from it by calculation. 

Hie next thit^ is to find the time at the place of oh- 
lerratioii, and this is done by taking an altitude of the 
sun or of & star, two or three bOurs before or after pas- 
sing the meridian. 

For if the latitude of the place be found from obser- 
vatbn, and the declination of the sun or star from the 
l^autkal Almanac, it is easy to compote what should be 
their altitude at a cerbiu hour, and v v, from their alti- 
, |ude to compute the time> 

The Ume thus formed is compared with that shewn 
by a chronometer carefully set and regulated, so aS to 
shew the time at Greenwich, and from the difference of 
these times the longitude is deduced. 

But however accurate this method may be, it is evi- 
dently too precarious to be depended upon, as any ac- 
cident to tiie chronometer, or forgetfulness in winding 
it up, would leave the mariner Ut a loss how to discover 
his longitude. 
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The lunar method, as it is called, is therefore veiy 
justly preferred as equally accurate, and only requiring a 
watch which can be depended upon to sBew time cor-* 
rectly for the space of a few hours. 

The accurate Cakidation of the Ibi^tude by this me- 
thod is rather intricate, but the principle upon which it 
depends is very simple, and easily understood. 

The apparent motion of the moon among the fixed 
stars in 24 hours is upon an average equal to about 12*^. 
In the Nautical Almanac is set down* her distance from 
some of the most remarkable fixed stars, for every^ three 
hours of each day at Greenwich ; this being the case, it 
is evident, that by measuring her, distance from om of 
those stars, a seaman can at any time know what o’clock 
it is at Greenwich, and this, compared with his own ttme 
fDoOd as before explained]^ gives him the difference of 
longitude. The intricacy of the calculation arises eolefy 
from the moon’s parallax and refraction, which are <fif- 
ferent in different places. * 

The instrument used at sea for taking altitudes, or the 
^ moon’s distance from the suiiy^o^rom a star, is'**CaUed a 
Hadley’s Sextant, from its inventor. The great exsql- 
lence of this instrument, and what particularly recoup * 
mends it to mariners, is, that it does not require the 
same degree of steadiness of support as other uistru- 
inents : it it ako extremely portable, very accurate, and 
easily adjusted. 
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LETTER XXX. 

Of the Electric Fluid — Electrical Machine described. 

The ear^li and all bodies with which ue are ac- 
quainted, are supposed to contain a certain quantity of 
an exceedingly elasiic fluid, which is called the electric 
fluid, and whicli passes ihroogh them with more or less 
facility, according to their d ft'eiciit powers of conduct- 
ing it. This certain quantity belonging to all bodies 
may be called their natural quantity, and so long a$ it is 
undisturbed in a body, il pn^duccs no elfect^ but when 
any body, or paitof a body, becomes po-ssess-ed of more 
or Ickj than its n-’lnrai o^''rc, it is said to be electrified 
is capable of exhibiting those appearances which a'^e 
ascribed to the power of cleclricily. I'he equilibtium 
would never be disturbed, or if disturbed, would be im- 
mediately restored, but that some bodies, as glass, wax, 
Jcc. do not admit the passage of the cJecliic fluid through 
their porf ^j or along their sm faces, though otliers do. 

The cftecls ot t!: * cleetiic fluid aio disliuguished from 
those of all other substances by an attractive and leptif- 
si\e quality, which it conununicates to difi’erenl bodies, 
mid which differ, in general, from other attractions and 
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repulsions, by their immediate cessation, when the bodies 
acting on each other come into contact, or when they 
are touched by other bodies. 

It is by excitation that the electric fluid becomes per- 
ceptible to iHe senses, which will be fully explained by 
the following experiments. 

Experiment i. Let a long glass tube be rubbed 
with the hand, or with flannel, and it will immediately 
attract light substances, and give a Iptrid spark to the 
linger, or to any metallic or other conducting substance 
brought near it. • 

The glass tube is called an electric ; aiftl all bodies 
capable of being excited, so as to produce elejftrical ef- 
fects, are called elect rics. | 

As the exciting glass tubes was a laborious operation, 
and the cjuaiUUy of elertiic^y so obtained was^ery small, 
globes and cylindeis were invented and made to turn on 
their axes, niul a rubber of leather sf» applied as to excite 
the parts of it in contact with the leather. Fig, 1. re- 
pitsents an elecuical machine: ^is yh n der o f glass 
so filled up in a frame as tirTe^«lvJ^bv nieans^f the 
1/andle h ; the lubber R, behind the machine, is sb|;H 
ported by a glass stem T : the c hain o A is intended u 
conduce the electric fluid from the table, and fronyme 
caul), by the table, to the rubber; c d is a in^allic 
conductor intended to collect the electric fluid frOTi the 
cylinder A. Tjie stand m>i, whith siiuf tTTT fertile con- 
ductor c D is inacie of glass to present the electric fluid 
fiom iunning out of the conductor on the table. 

Ex. 1 1 . Ttun the handle of the machine, and if it be 
^well excited, you may, by bringing a knob of brass, or 
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your knuckle^ Scc. near the cooductor at z, get a spirit 
at aereral incbea distance. This distance will vaiy ac- 
cording to the excitation of the ihacfaine. The electri- 
city which is accimiulated on the prime conductor c z, 
is prevented from Bowing away by beii^ placed on the 
glass leg m m, which is a non-conductor of electricity. 
If it were placed on a moist wooden stand, instead of 
one of glass, there would not be the smallest accumula- 
tion ; for, as fasc as it was thrown off from the cylinder 
on to the conductor, it would flow through the wooden 
stand into the table, and from thence to the earth. 

Ex. iii.'^If a person standing on the ground, place 
bis hand on the conductor, and the machine be worked 
in its highest state of exciu tion, still there will be no 
electrical appearances, beca^ise, however great the ac- 
cumulatidn of electricity or^the conductor, it will flow 
through the hand and body to the earth in perfect 
silence. 

Ex. IT. But if the person stand on a stool supported 
with glass lec^syr V bv a cake or cakes of rosin, sealing- 
wax/ sulphur, 8tc. his Tibdy, being now insulated, 

, Jieclricity cannot pass to the earth ; and sparks may Se 
/taken from any pait of him, as it was before from the 
conductor. 

!?y these experiments you perceive the difference be- 
twe2i conductors, and electrics or non-conductors : all 
bodies 'that'' ‘'•^Msmit electricity are r*»l!eu conductors, 
such is the human body, such are all metallic substances, 
and almost all fluids, excepting oil. Those substances 
that will not transmit the electric fluid are called elec- 
trics, or non-conductors. But all substances becom'a 
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conductors either by beet or moUtura. The {HPineipal 
inethod of exciting the electric fidkl is frictiOQ,Rild 
tricity is most powerfully excited, when an^deoirk iild 
conductor are rubbed against e^h odm ; in tUs cMk 
the electric fluid passes fr6m the conductor : thus, if I 
rub with my hand a glass tube, ora ^ck of sealing-waxi 
the electric fluid passes from the hatri to die glass or 
wax. Again, if you examine fig. 1, the electridd mw* 
chine, the rubber is a conducting substance, and maiis 
more powerfully so, by spreadii^ oirer«il an amalgam of 
mercury and tin, the friction of this against the oyltndar 
collects the fluid from the surroundii^ substsnedi by 
means of the chain o a. That it proceeds front die 
surrounding bodies is evident from Ais circumstance^ 
that if the rubber R be tkpported by a glass atem^ OV 
and the chain taken off, iIk electrical appeanmees will 
be trifling, only those wbicipcan be given by the rubber} 
but if a person place his hand on the rubber white bh 
stands on the ground, then an abundant quantity wilt be 
supplied. The rubber is supplied by the quantity taken 
^froni the hand and body of ^ y“ 

and these are supplied by the general ma^ ol^tbe 
fluid that is lodged in the earth. ^ 

You are now aware of the meaning of the term imw 
which perpetually occurs in this sdence; when a 
conductor is surrounded or supported by noo^eonluO* 
tors, it kjg^djo be iusulated. Tbiis the rubber je^ben 
supported^ ^d^ass atem o r,^^iusai£itcd^ because 
there is no communication between it and the earth; 
Hie chain however, ^es the comiminicatkMi, aftd elec« 
trk^ it produceeb 
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Electricity is said to be positive or negative accord- 
ing to the different effects produced. I suspend two 
pith balls Op silken and parallel thieads, and bringing 
them near an excited glass tube, they will diverge, and 
remain at a distance from each other till the surrounditig 
air carries off the superabundant electricity. If I brin" 
near them another excited glass lube, they will diverg(‘ 
still farther; but if, instead of a glass lube, I make use 
of an excited stick of sealing-wax, or rosin, then the 
diverging balls w iil, by the influence of the wax or ro^in, 
be instantly brought together. The glass by excitation is 
supposed to have more than its natural quautit), and is 
said to be positively electrified ; but the wax, by the same 
process, w supposed to lose a part of its natural quantity, 
and to be minus, or negatively electrified. These elec- 
tricities by some are though^ to be different in quality j 
rather than in quantity^ a/id by iheui they are called 
vitreous and resinous from the substances used. The 
formec is usually denominated the theory of Dr. Frank- 
lin ; the latter theory was first espoused by Du Fay, and 
t»tber 

Frankliniau syetem is usually regarded as ifc 
* simple, and therefore I shall adopt it ; and you 
y ill observt , that the two slates of positive and negative 
eliytftcity always accompany each other : for if any sub- 
starfce acquire the one, the body with w'hicli it is rubbed 
acquies tlie other. When one side, or one ^'tid of a 
conducting sufcmitnce receives the elec:. ic fluid, the whole 
substance is instantly pervaded with it; thus, sparks may 
be taken in any part of the electrified conductor a z, fig. 
J^; but when an electric is presented to an electrified 
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body, it becomes electrified in a small spot only. The 
positive and negative electricities cannot come together, 
l)ut by means of a communication with conductors ; but 
the instant there is a communication between the two 
electricities, their electrical effects are destroyed, aud the 
act of their union produces an electric spark, and if the 
union be made by diflferent parts of the body, a sensa- 
tion will be felt more or kss painful, according to its 
strength: this is called the electrical shock. 

Ex. V. In fig. 2, you have a representation of an 
electrical jar, called a Leyden phial : it is a glass jar, 
open at one end ; the cover at top is wood, pierdled to 
admit a brass wire and chain lying at thelottom ; the 
top of the wire is terminated with a brass kn®b. TTte 


jar is lined inside and outAde with tin-foil, to within two 
or three inches of the toplbecause the electric fluid will 
accumulate on the tiu-fow, and easily flow from the 
inside to the outside, when a conducting substance is 
brought to touch the outside foil, at a, and the l^nob x, 
which communicates with the inside bumeans of a chain 
that rests upon the bottom o f 

rhe jar is electrified by bringing the knob .r\>^ the 
pi ime conductor, when the machine, fig. l|iswork^ 
and it may be discharged by any conductiiw substan^ 
for if one hand touch the outside of the jar, and^he 
other be brought to the knob r, the electric fluid/ w'ill 
pass insta nlaneo usly throiigli the arms from Uie ^sitive 
to the iiegatlv5*^-^14^. 

A number of these jars united, as in fig* S, is called 
an electrical battery : the insides are connected by means 
of the wires and chains, and the outsides are condect^fd 
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liy being «U piMed in » box, tbe bottom of wbicii isi 
cotered widi tio*iml. Supposing the battery charged by 
means of tbf electrical machine, and widi the rod a b c, 
it may be instantly dischaiged. 

SfHnetimes the battery is sufficiently large, and so 
powerfully excited as to ndt the wire x in its passage. 
By diis means, small animals, as' birds and mice, have 
been killed in a moment : gunpowder, spirits, and other 
bodies may be inflamed. 

1 wiU now describe a few experiments which may be 
easily made with an electrical madbine ; observing first, 
that bodies which are charged with tbe same electricity 
rqpel each other ; but if one have more, and the other 
less than its natural share, they’ will attract one another. 

Exi Ti. If a tuft of feathers be placed in tbe bole z 
of the p|ime conductor, ^emd the machine be then 
Worked, the feathers will endeavour to avoid one another, 
and stmid erect at a distance ; because all of them being 
electrized' by the same elCctrici^, they repel each other. 
IVdm the etectri^iity from the conductor, and the feathers 
will 

viT. Suspend a metaflic plate from the cOndi’^:' 
* ^'ior, and ui^deracath it, at tbe distance of three or four 
i^cbes; put^another plate of tbe same size, or larger ; on 
ffiia jflaoe some small pieces of paper, or some bran or 
sani^; slad work the machine ; the paper, Scc. will jump 
tOlb^ uppej(^ plate, from which they will hc<>repelied, 
and fly and di8cirisige,.tbemselve8 up&ii^ffie lower plate, 
aflev whidi they vriU be attracted and repelled again, 
awd'ao confioae till the electricity of the u|^ier plate is 
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Ek. viiK Take a little bit of cotiM, or a Ui^t 
doiirny featberi lay it upon tbe palm of joiir bandi opd 
bold it four or five inches from tbe piiuuf ooudiiotor; 
turn the machine, and the cotton or feather wiB Ay lo 
the prime conductor, and from the prime conductor to 
the hand, with a very quick motion, and continue as long 
as the machine is turned. In this experimentj the pnfime 
conductor being strongly electrified, attracts the unelec- 
trified cotton or feather, and electrifies .it,* then repds it 
to the nearest conductor, viz, the band : there the cotton 
deposits its electricity, and is again attracted by the 
prime conductor. • 

Ex. IX. Fig. 4 represents a set of bells, the middle 
one of which is to be connected with the pnme con* 
ductor: tlie moment the machine is set to work, the 
bells will begin to ring, b^ause all the bells^aud clap- 
pers, except the middle one, are hung on silk, and all 
excepting the middle one are connected with the earth 
by means of the chains. Tlic centre bell, having more 
than its natural quantity of electricity, '^^ttracts the clap* 
pers, and they are repelled t# Tjeiis, ’^bcre 

thay deposit the electricity which they carry .from ihc 
centre one z, f 

Ex. X. Let a person standing on an inimlated 8t<^, 
hold in his hand a spoon filled with highly recti^ed 
spirit of wine, and made \^'arm by heating the utver 
spoon, iSwac^^r person take sparks fron> the it 

will be instantly inihimed. 

Ex. XI. Introduce the blunt end of a wire into the 
hole of a prime conductor, and let the other end be 
^rawn to a point, on which place another horizonAl 
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wire, four or five inches long, but its ends bent in acute 
angles. Work the machine^ and electricity will issue 
out of each point, resembling a star ; and if it be made 
to turn upon its centre, and the machine act very 
powerfully, the flame will appear as one continued circle 
of fire. 


Ex. xii. If a person stand on the insulated stool, 
holding a shilling or half-crown between his teeth, and 
another person ^lot insulated take a spark from it, the 
sensation will be so severe ac to make him drop the 
money, unless his li})s touch it. 

Ex.xinv The Florence flask used in electrical expe- 
riments, is nearly cxhansled of air, liaving a b)ass cup 


and boll fi\cd to its neck : K it be h* Id l>v the brass 

IS ^ 

w’oik, and be rubbed prettj^ brisk!}, it will bchlightly 
luminous ' v\ iihin ; but if tb ; ball be presented to the 


prime conductor white the mathine i< at wo»k, the ap- 


pearance will be extremely beautiful, and will remain so 


some lime after it is removed from llie piinie cjiuinc- 


Ex. XIV. w hvl of anv kind is illuminated in the 


^ /ollowingv^mamier, on a long slij) of glass: the wojxt is 
yiade hi parallel lines, .separated at difterent 

pWes, to Ci.use sjiarks to pass from one piece to ano- 
ther, the word is exhibited by the passage of the clec- 
tricit} over the tin- foil, 

El^t-irlcify^^iid lightning are undoiib*: of 
the same cause. Every effect of lightning may be pro- 
duced by electricity, and every experiment in electricity 
may be made with lightning, by conducting it from the 
clouds to a convenient place, by means of insulated rod; , 
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or by kites raised in the air, a method which was disco- 
vered by Dr. Franklin ; and it is found, that in the 
natural, as in the artificial electricity, there is^he positive, 
and also the negative. The ascending electricity in the 
air is said to be negative, because it leave.i bodies in a 
negative state. The descending electricity, or ihat which 
passes from the higher parts of the atmosphere to the 
earth, is called positive electricity, because it renders all 
bodies electrified by it, in a positive stats. • 

The knowledge of this branch of science has been 
applied to various practical purposes ; as the defence 
of buildings from the dangers of lightning. «and to the 
art of healing. 

High build nigs arc protected from the dire e&ects of 
hghlning, by fixing to them*>ne or more p >inled metal- 
he conductors, which are eft^vated a few feet above the 
building, and are ct)ntinued to the earth, and a few feet 
below its surface ; these convey the lightning of electri- 
lied clouds silently away, which might otherwise strike 
the building, and do much mischief. ^ 

Klectricity is used for medical 'ptn4Tn^s<8(f by giving the 
patient bpaiks, or slight shocks: this is best cycled by 
machines contrived by Mr. Nairnefor the purupse. But 
spaiks may easily be given to, or taken from/lhe bodv, 
by the most common electrical machines. JElectricity 
has been successfully used Jin the cuic of deafness, 
iheiimatisiiM^il^ong^tanding, the ear-ache, tcotli-Rche, 
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LETTER XXXI. 

Origin of Gi^vanisiii«->>£s;porIoiOtttft-^alvftfiie Cinslos-^Voltaic 
jBatterie§^DecoiDpo«itioo of Wat«x-«Voltaum anil Electricity 
compared. 

It is now^ my dear sir^ more than half a century since 
the first electrical shock wa^ felt by M. Muschenbroek> 
which, at that period, exc fted the attention of all the 
philosophers in Europe. : The theory of the Leyden 
phial was soon explained ; and thence the powerful ef* 
fects of batteries were called in aid of the experimen- 
talist. After this, it was discovered that certain fishes 
had the powej of producing dhocks on the human frame 
similar to^th6.^e'|[iyen' by the electrical jar. Of these 
fishes there are three very remarkable ; vix. the -Tor- 
pedo, thv] Gymnotus Electricus, and the Silurus Elec- 
tricos/’ ^From this circumstance, and from the convul- 
sive motions excited in dead animals, by means of elec- 
tricity, we had a branch .of science devoted exclusively 
to animal electricity; but about the it was 
observed by Galvani, that electl^ical effects could be 
produced on animals without the aid of an electrical 
apparatus, and, apparently, by different means. This 
discovery, which has led to the most important and 
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brilliaiil series of facts^ was the elSect of accident* Gai- 
vani, professor of anatomy at Bologna^ having noticed 
certain involuntary motions or contractions^ in the mus* 
cles of some dead frog$, wdiicii had been suspended on 
the iron palisades of his garden^ founds upon a more 
minute examination, that he could produce these con- 
tractions at pleasure, by touching the lifeless animal with 
two different metals, provided the metals were at the 
same time in contact with each other. ^ . 

If in an animal (as a frog), recently dead, the mus-: 
cles and nerves being prepared for the purpose, a com- 
munication be made between a muscle and nerve by 
some conducting substance, or subsUnces connected to- 
gether, as silver and zinc, the limb will be put Into mo- 
tion. I 

Experiment i. If pan of the nerve ofji prepared 
^imb be wrapped up in tirAoil, or be laid only upon 
: inc, and a piece of silver be laid with one end upon the 
muscle, and the other upon the tin or zinc, the itiotion 
of the limb will be violent. 

Ex. It. Place two wine-glasse^ fulL-of water near 
each other, and put the thighs and legs of a fr^, as lig. 
o, into the water of one glass, and lay the /erve c n, 
covered with tin foil, over the edges of the mo glasses, 
and just touching the water ; let now a communicatjoii 
be made between the water jn the glasses by means of 
silver, or*4^^p^lting the lingers of one hand into the 
water of the glass that contains the legs, and holding a 
piece of silver in the other ; if then, you touch the 
coating of the nerves with it, the legs will be so violently 
excited as sometimes actually to jump out of the glass.* 


o 
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These caiivukive motions may be excited not only in 
dead, but in living animals, particularly in frogs, eels, 
flounders, 8cc. 

£x. III. Place a living flounder upon a plate of zinc, 
pasting upon its back a slip of tin-foil, then form a com- 
munication between the zinc and the tin-foil by means of 
a wire, &c., and the same kind of contractions will take 
place as are witnessed in dead animals. 

The taste*aud the sight may be affected by galvanism^ 
Ex. IV. If you lay a pi^ce of zinc upon your tongue, 
and :i piece of silver, as a half-crown, under it, and then 
form a con^^eclion betw^een them by bringing die edges 
together, you will find a peculiar taste or sensation which 
is not produced by the metals separately, or indeed to- 
gether, provided they are n/it brought into contact. 

Ex. v« To affect die sight, you may pul a piece of 
zinc between the upper lip and gum, as high as possible, 
and a piece of silver upon the tongue, and wdienever tlie 
two metals are made to communicate, by toucliing one 
another, a flasji of light will be ribtiiictiy seen. 

The condii^torsfof dws fluid, if it be a fluid, differ . 
from einrh other in their conducting power; they, are 
divided \ito perfect and imperfect conductors. The 
perfect c^iductors consist of the metallic substances and 
charcoal, these are termed conductors of the first class. 
The couductors of the s<M:ond class, or imperfect con- 
ductors, aVe water, and the mineral a(sids<«nd all sub- 
stances that contain these fluids. ^ 

The most simple combinations capable of exciting 
the galvanic effects must consist of ihrce different bo- 
dies, viz. of one conductor of one class, and two diffe- 
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rent conductors of the other class ; thus, iu the experi-> 
ments just referred to, there are the silver, the zinc, and 
the saliva. Here are two perfect and one imperfect 
conductor, and it is called a galvanic circle of the first 
order. Where only one perfect and two imperfect con- 
ductors are used, it is called a circle of the second 
order. 

It was soon ascertained, that if a single combination 
of three conducting substances produ^fid a certain effect, 
a second and a tliird would produce a double and treble 
effect, and so on. The combinations are now denomi- 
nated Voltaic piles or batteries, from Vt>lta, an inge- 
nious Italian, who improved the science, or r{\(her, who, 
seizing the first ideas of dSalvani, improved upon them 
so much, as to render i\ a new science in his own 
hands. ^ ' 

The earliest effort in this way was a pile, consisting 
of alternate layers of zinc, copper, and moistened ^ oolleii 
clolli. One of these piles is represented by fig. 6 ; the 
layers consist of round pieces of metal, and cloth, and 
they are placed in exact ordef, ziiid, copper, cloth ; this 
is necessary, because it is found that there i^/a positive, 
and negative end; and, of course, in every complete 
circle, the electric fluid circulates in one vyay only. Jf, 
therefore, two equal simple combinations were so ar- 
ranged, that the two currents opposed each other, they 
would be annihilated, and produce no effect ; z and x 
are two pieces of wood, made to slide on the rods a b c, 
which are of glass, and so placed as to prevent the pile 
from falling. 

Ex. VI. If, now, the pile be in action, and a person 
o 2 
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put one baud to the lower stratum of zinC| and the other 
to the upper stratum of copper, he will feel an electric 
shock, iu a greater or lesser degree, according to the 
height of the pile. 

In fig. 7, we observe a different kind of battery, con* 
sisting of a row of finger-glasses, or china cups, contain- 
ing a weak solution of nitrous acid in water ; into each is 
plunged a plate of zinc, z, and a plate of silver, s, fas- 
traed together by* curved wires, ir. 

£x. 7* If, instead of three or four glasses, there 
were twelve or twenty, arranged in the same manner, 
and you were to put one hand in the first and the other 
in the las% you would perceive a considerable shock. 

We have, in fig. 8, a more ^:onvenient battery : it con- 
sists of a trough made of weigew^ood ware, divided, as 
is exhibiteef in the figure, ard at each division there is a 
plate of zinc, and one of copper ; betw een the divisions 
is a solution of acid and water, the iw o wires w w con- 
nect the positive and negative ends of the battery, and 
if the battery be sufficiently large, the most interesting 
and brilliant experinienis may be produced. Glass, you 
*know is a non-conductor, therefore the small tubes x 
and z slide on the wires, that the operator may handle 
them ivithoilt danger of a shock. The square plate o is 
likewise glass. 

Ex. vn|. If charcoal," gunpowder, gold or silver 
leaf, &c. be placed on the glass o, and the two wires 
be brought together, as in the figure, the substance, 
thus exposed to their action, will be instantly deflagrated. 

(It should, however, be observed, that, to produce an 
action equal to this effect, there must be several such 
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batteries as that represented in fig. 8, united by metallic 
cramps, such as fig. 9. The battery used at the Royal 
Institution consists of so many plates as to make a sur-^ 
face of metal equal to many thousand square feet. 

You are already apprised, that water is not a simple 
substance. It was by the modern improvements in 
chemistry that the discovery was made, that this fluid, 
one of the elements of the ancients, is a compound of 
two gases or airs, denominated oxygen* and hydrogen. 
By electricity, and by voltaism, water has been decom- 
posed, or reduced to these gases: and by tbe^same 
agents water has actually been produced by the union of 
these gases in a certain proportion, viz. of^about 80 
parts of hydrogen to ^0 dl oxygen. 

£x. IX. Fill a small glass tube, a b, fig. 10, with 
very pure distilled water, ajid connect the vifires, which 
pass through the corks, with the zinc and copper wires, 
z c, of the battery, fig. 9^ and almost immediately a 
stream of gas proceeds from that wire which is con- 
nected with the negative end of the batteiy, which is 
hydrogen gas; from the other \vire dxygen gas is evolved. 
The hydrogen may be collected, but the oxygen unites, 
with the wire, unless both the wires proceeding from 
the battery be of gold or piatina, which ar^j not Qxyda- 
ble, then the two gases may be collected together, and 
if presented to a candle, will explode with great vio- 
lence, which proves, that they consist of hydrogen and 
oxygen. ^ 

Without entering farther into the subject, you will, 
from the foregoing observations, be able to draw for 
yourself some conclusions, viz. that voltaism appears to 
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be a peculiar mode of exohiug eiectrtcitj?^ jsy the che- 
mical acUpa of. e^rtaiii bodies upoa one aootber*; . ^ The 
oxydatioOiof melab produces ii in great quaiilili^« It 
i$ by the oxydattofi Pf |be metallic plates, made OSe of 
in the batteries already dew^pd) that the volHuc pfEpcts 
are produced, of course the action b greatest when the 
troughs, &c« are first filled with the fiuid,and it becomes 
less afid less till the plates are completely oxydated, 
when it ceases ; the plates must then, b^ removed, and 
the oxyde cleaned oft' before they ^1 be fit for farther 
expenments. The nerves of ai4iiiab are snore easily 
affected by voltaic ebetripsty tlm other substances; 
and to prove the siiniltu^ betwi^ this and the com- 
mon electricity, it may be nowad, that jflhe same sub- 
stances are conductors and non-conductors of both. By 
both, Leydhn jars may be charged, and shocks given to 
one, or many persons holding bands ; but when voltaic 
electricity is used, the bands must be moistened with a 
solution of salt and water- The electric shock pro- 
duced by the torpedo, Silunis Electricus, 8tc. is very 
analogous to that produced by the voltaic battery. 
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LETTER XXSil. 

■MajiiK'l di’scrnied— Its Proportiti— Magnetism cominniiwtted to 
iron and Steel— Experimcnt^—Magnetic Meridian— Polarity of 
the Magnet nseful to Mariners — Artificial Magnets — ^Variation of 
tlic (’oinpass— Dipping of ^le Needle— Horse^shof Magnets— 
Mariner’s Compass. 

Magnetism is another^ branch of scienedP with which 
it is necessary you should be acquainted. It derives its 
name from the loadstone, or natural magnet, a very sin* 
gular substance, not much unlike the ore of iron, which 
was well known to the ancients for its property of at* 
tracting iron. But it was ndt till* the beginning of the 
14 th reiitiiry, that this most important property was, 
applied to the conducting vessels over seas to foreign 
countries. Till this period, mariners had^scarc^y ever 
ventured to quit sight of land, no^knj^ng, if they 
did, by what possible coiiVse they 'could return. To 
exhibit the attractive power of the magnet is shewn the 
following 

Experiment. If a magnet and a piece of iron be 
placed on pieces of cork on a vessel of water, and brought 
to within a certain distance, they will attract one another, 



and if equal in weight, they will meet iu a point half 
way between the tw'o. 

This attractive property of the natural magnet may 
be communicated to iron and steel, by which means 
they also become magnets, and will produce the same 
effects on other iron and steel. Iron or steel thus con- 
verted are denominated artificial magnets. Soft iron 
acquires magnetism with more ease than hard iron or 
steel, but the latter will retain it much longer; aud 
what seems very surprising is, that the magnetic virtue is 
not dilniId^>^ed, but rather increased, by communication. 
It is most act've at the two opposite points, which are 
denominated the poles, from their correspondence with 
die poles of the earth. 

Ex. 11. It is found, by placing the magnet on a 
piec^e of cork floating on w'ater, so that it may turn 
ireely, it will arrange itself in the direction of the poles 
of the earth, namely, north and south, but not accu- 
rately so. 

Ex. 111. To find the poles of a magnet, place it 
under a smoolli piece of paper, and sift some steel 
tilings on tlie paper, which W'ill arrange themselves in 
curves. At each end of the magnet the filings w'ill 
take a straight direction, and those which are situated 
at a small rji$t< nee from the poles, will assume more or 
Jess of the curve, in proportion to their distance from 
them. 

The readiest and most convenient way of discovering 
whether a piece of metal is magnetic, is by means of a 
sjmtrU compass needle ; for if it contain iron which is not 
magnetised, every part will attract either end of the 
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compass indifferently ; but if it be magnetised^ then its' 
north pole will attract the south, and rj^pel the north 
pole of the needle ; and, vice ven&f its south pole will 
attract the. north, and repel the south pole of the 
needle. 

There are various methods of giving the magnetic 
property to iron or steel, but in these there is need of a 

real magnet ; in some cases, indeed, the property is ac- 

• * 

quired without the use of another iimgnet. 

Examples. A piece of iron brough^ sufficiently 
near a magnet becomes itself a magnet. rai?of iron 
that have stood a long time in a perpendicular direction, 
are frequently found to be maghetical. If m long bar 
of hard iron be made red hot, and then suffered to cool 
in the direction of the magnetical line, it becomes m^- 
netical. Lightt»ing, and ||he electric shock, will some- 
times give polarity to iron ^nd steel. • 

Artificial magnets are made by applying one -or more 
powerful magnets to pieces of steel ; and a needle, 
adapted to a compass, is made by fasfening the steel on 
a piece of board, and drawing magnets over it, with a 
heavy hand, from the centre outwards. * 

The power of a magnet is not diminished by commu- 
nicating its properties to other bodies ; and it is much 
increased by the addition of iron ^radj/ally. Two or 
more magnets joined togetlier may communicate a greater 
pow'er to a piece of steel than cither of them possesses 
singly. 

A magnet bent so that the two ends almost meet, is 
called a horse-shoe magnet. Magnets are made so to 
increase the action, because it is found, that both poles 
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together attract with much greater energy than a single 
one^ and in thjs shape they are easily made to tict at the 
bame time on the same body. 

If two soft pieces of iron are applied to die poles of 
a bar-magnet, and made to project in the same direc** 
tion, they not only become magnetical themselves, but 
may, in this situation, be made to act at the same time, 
on the same piece of iron. Tlie magnet, in this case, 
is said to be ** armod/’ and the pieces of iron are called 
the arniatur/- * to avoid the necessity of this, horse-shoe 
magnets kie used. Magnets should not be left with two 
north or south poles together, for, in this position, 
they destrcy each other's polarity, or, at least, very much 
diminish it. Bar-magnets should always be left with 
the opposite poles laid against each other, or by con- 
necting their opposite poles by a bar of iron ; hence, a 
small bar of iron is always placed at the ends of a horse- 
shoe magnet, which not only preserves the power of 
the magnet, but prevents it from acting on surrounding 
bodies. 

If a ne^le before ^bv«ing" magnetised be suspended on 
' a horizontal axis passing through its centre of gravity, it 
will rest in any position in which it may be placed ; but 
no sooner is it magnetised, and brouglit into the magnetic 
meridian, ihzh it ^'akes an inclined position, making in 
this country an angle of or 72 w'ith the horizon, 
the south pole being elevated, and the north pole de- 
pressed. 

Soft iron instantly imbibes the magnetic fluid, and as 
instantly loses it ; hardened iron is difficult to magnetise, 
but then it retains the magnetic virtue permanentiy. 
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Ex. IV. Take a bar of soft iron; a kitchen poker 
which has been long in constant use will answer the 
purpose, — place it parallel to tbe^znagiietic axis of the 
earth, ana it will instanil^ become magnetic, as may be 
seen by bringing a small compass needle close to it ; 
reverse it, it will still be magnetic, its poles changing 
with its change of position. 

The magnetic poles are not directed towards the same 
part of the heavens as the poles of tjib earth. Ind^, 
the magnetic axis does not seem to passthrough the 
centre of our globe, for the north and souchMagnetic 


poles are not antipodes to each other. * “ 

The north magnetic pole is stipposed to ];^e situated 
somewhere about latitude 70 north, and longitude lOO’ 
west of Loudon ; whilst the south magnetic pole seem^ 
to be somewhere about latitude south, aifd longitrf^ 
130"' west of London. ^ 

Since the magnetic poles do not coincide ^ith the 
poles of the earth, it is evident, that the needle cannot 
point due north and south, except im those countries 
whore the uiaguetic and true* meridian coincide. 

This deviation of the magnetic from the true meridian , 
IS called the variation of the needle. In London it is at 
this time about 24'’ to the westward. The in^nation 
of the needle to the horizon is cailedyheyiptf-^'^be dip 
is found to increase as we jfpproach (be magnetic poles, 
where, according to theory, the needle ought to take a 
perpendicular position. 

When the needle was first known in this country, the 
variation w'as to the eastward , about 1657 it pointed 
due north in London. In 1817, it was about 24' 17' 
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west ; and,' since then, it has been slowly returning to- 
wards the tru 9 meridian. Hence it appears, that the 
magnetic poles are not permanent, but probably revolve 
round some central point in a period of about 600 
years. 

The needle is subject to a small diurnal variation. 
About eight o clock in the morning it begins to move 
westward till two in the afternoon, when it gradually re- 
turns, The diurnsk^ variation is probably occasioned by 
the heat of <;ie sun. 

Tlie “Aiiffora Borealis is found to derange the needle 
very considerably, particularly in high latitudes : in Swe- 
den it hast been observed to amount to as much as 6 
or 7^ 

V^The Aurora Borealis always appears in the direction 
of Ibe magnetic pole. In th^e late voyage to the Arctic 
iSea, this phenomenon appeared in the soutli, the ships 
being then to the northward of the north magnetic 
pole. 

The cause of magnetism is little understood ; the 
discoveries of Professor Oersted, however, have thrown 
' considerable light on the subject, and plainly indicate, if 
not the identity, at least a close connection, bel\^ een 
magnetism, electricity, and galvanism. 

If the exV^mes'iof a voltaic battery be connected by a 
platinum wire, the ’wire becomes heated; and, if very 
small, suffers ignition. Suppose such a wire to be laid 
upon the positive and negative conductors of a voltaic 
apparatus; bring the north pole of a common magnetic 
jicedle below and at right angles to the platinum wire, 
and it will be repelled; remove the needle, so that it 
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may still be at right angles to the wire^ but with its north 
pole above it^ and it will be attracted : if the electric 
poles be reversed, those plienomona W'ilf also be re- 
versed. 

If the conjunctive platinum wire be placed verti- 
cally instead of horizontally, it will occasion the needle 
to oscillate, but in no part will it permanently attract or 
repel the needle. 

If a small steel bar be attached to ^the conjunctive 
Wire, and parallel to it, it is not polarisech but if it be 
attached to it transversely, it becomes pen^nratly po- 
lattsed. • • 

To render a steel bar magneiic, it is not necessary 
tliat it should actually tDuch the conjunctive wire, for 
the elect! o-magnetic induence is conveyed to a consider- ^ 
able distance, and is not excluded by the interposij^Qm 
of a plate of glass, of metll, or of water. 

If two conjunctive wires be placed parallel to eaeft'^ 
other, and so attached to the voltaic battery to have 
llieir opposite ends attached to the same pole, they will 
attract each other ; but if no placed as to have the con- 
trary ends attached to the same pole, they will repel 
each other. 

Tiicse experiments of Mr. Oersted have been repeated 
and verified by Mr. Ampere, Sir FjkiiD»hij^^,i&hvy, Dr, 
Wollaston, and olliers. • / 

I will now conclude what I have to sny on this sub- 
ject with a descripti<y^ of the mariner’s compass.” 

This instrument, aiw'ays to be met with on board of 
ship, consists of three parts, the box, the card, or fly, 
and the needle. Tiie box which contains the card*and 
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needle, is made of wood, bra^, or copper, and is of a 
circular shape. It is suspended w'ith|n a square wooden 
box by means of two concentric circles called gimbals, 
so fixed by cross axes, in the manner of die rolling lamp, 
see Mechanics, that the inner one, or compass-box, 
retains a horizontal position in all the motions of the 
ship, while the outer or square box is fixed, with respect 
to the ship. 'I'he compass<box is covered with a pane 
of glass to pre*^ent (he card from being disturbed by 
the wind. The card is a circular paper fastened upon 
and movinp'^'iLh tl^e needle. The outer edge of the 
card is divided into 360 parts or degrees, and within tlie 
circle of those divisions it is again divided into 32 equal 
parts, whkii are called the prints of the compass or 
rhumbs, each of which is again subdivided, and tl»c let- 
tcr^i N., Np., ENE., &C4, are marked. The magnetic 
needle is a slender bar of bari.ened steel, with a hole in 
the centre, to which a conical piece of agate is adapted ; 
tliis lurnk on a pin fixed in the middle of the box, and 
is obedient to every change in the direction of the ship 
to which the compass is at^ched. 
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LETTER XXXIIL 

Length of a Pendalniii vibratiitg Seilbiids, as determined by Captain 

Kater— -Tlie constrcirtion of aflirumatic Teicsroj^ explained** 

Heating and Chemical Rays - Magnetism by violet R^*<‘t,«d>oubTe 

Refraction — Polarisation of light. 

MY BEAR SIB, ^ 

Your answer to my last letter gives me the greatest^ 
satisfaction, as it evinces a close attention lo the st)»S^ 
jects recommended to your^ notice, and a laudable desire 
of obtaining a more complete knowledge respecting 
them. 

You ask me to explain to you Caplin Kater’s method 
of determining tiie length of a pendulum vibrating se- 
conds, The construction of achromatic telesitopes, and^ 
what is meant by the polarisation of light. 

The difficulty of obtaining the actual length of a pen- 
dulum arises from this circumstance * that ffia^tentre of 
oscillation, though a real,* is an invjrsibhl^id untaiigible 
.point, and consequently that its distance ffoin the point 
of suspension canift<^e measured with any thing like 
precision. 

It is now^ upwards of a century and a half since 
Huyghens first applied the pendulum to clocks ; anti it 
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is to that great mathematician we owe the demonstration 
of this curious and important theorem, namely, that the 
centres of suspensiuii and bscillatioti of a pendulum are 
mutually conveitible into each other; that is to say, if 
a pendulum vibrating in any given time whilst hanging 
in one position, be inverted and suspended from what 
was then its centre of oscillation, its former point of 
suspension will now become the point of oscillation. 

Fig, 7* of ''tniscell. plate i. represents a pendulum 
similar to that employed by Captain Kater. It consists 
of a with a large bob £, fixed at one end, and 

a smaller' bob c, ni >veable abng the rod at pleasure. 
This pendulum is capable of being suspended either at 
a or b. ^ 

First let the pendulum be suspended by the point a, 
^d the tifSie of its vibration noted ; then from the point 
6, and if its vibrations be the same in this as in the for- 
mer position, it needs no adjustment. 

But if the vibrations in the two positions be unequal, 
move the bob c U>wards a or i, as occasion may require, 
until the vibrations are perfectly isochronal. 

The pehdulum being thus adjusted, it is evident from 
the theorem of Huyghens, that a and b will become 
mutually points of suspension and oscillation to each 
other. that rt^iains, therefore, is carefully to mea- 
sure the distalfic'* oMiese points from each other, which 
distance vvilTbe the length of the peiuluium. 

In this manner Captain Kater ^.wiermined the length 
of a pendulum vibrating seconds in the latitude of Lon- 
don, to be 39,138 inches English measure. 

1 will now explain to you in what respect achronAatic 
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telescopes differ from ttfose of the ordinary construc- 
tion. 

White or common lights as yo% know/ is a hetero- 
geneous substance consisting of various rays of different 
colours and different degrees of refrangibility. In con- 
sequence of this latter property every ray has its parti- 
cular focus, so that a convex lens, instead of producing 
one colourless image, produces a number of different 
coloured images, lying, as it were, ppon each other, 
which makes ^^bjecls appear ill defined, aqd surrounded 
with coloured frioges. \ ^ 

Let hg. 4. niiscell. plate ii. represgnCthe con- 
vex objecuglass of a common telescope, s A, a b, rays 
of light from the sun, moon, or any other lumihous body 
falling upon it. The light composing these rays b de- 
composed in passing through the glass by tbgir unequal 
refraction, the red rays converging to a focus at K, (he 
violet at v, and the other colours to intermediate points 
between v and b. 

There are two sorts of glass used in the construction 
of telescopes, crown glass and flinU glass; the former is 
the most transparent, and therefore generally* preferred 
for single object-glasses, the latter possesses a greater re- 
fractive power over all the rays, particularly over the 
violet. ^ 

By combining these two ^orts of glas^ire optician is 
enabled to correct die erroi^ of each, and- to form an 
achromatic object-glgN&^hat is, a glass which shall bring 
all the rays to the same focus. 

Suppose A B, fig. 5, to be a convex lens of crown 
glass, the rays s a, s jd, as in the former case, would be 
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decomposed; the violet coming to a focus at v, and the 
red at n. To prevent this, the concave lens c i>, of 
Hint glass, is placed i^oimediatelj behind a b. The effect 
of this glass is to lessen the convefgencj of both the rays, 
but that of the violet most ; and by this means they are 
made to converge to the same focus f. 

employing a third lens, the object-glass is rendered 
still more achromatic. The finest refracting telescopes 
that ever were .tn^de have triple object-glasses, consist- 
ing of two convex lenses of crown glass, wjth a concave 
lens of Hint;glass placed between them. 

Before |[ proceed to the polarisation of liglit it will 
be proper to make you acquainted with the discoveries 
of Dr. Herschel and Dr* Wollaston, and to explain 
what is meant by double refraction. 

By placii^ a very sensible thermometer in the different 
coloured portions of aprismi*tic spectrum, Dr. Herschel 
^ found that the violet rays indicated the least heat, and 
that the thermometer gradually rose as it was removed 
from one colour to the other, until it reached the red : 
here he naturally exptxled to find it at its greatest height, 
but to his^great surprise this was not the case; for on 
' removing it just without the red extremity of the spec- 
trum, the thermometer rose still higher : plainly indicat- 
ing the «^^xistqnce i of an invisible ray beyond the red, 
hotter than This r^y has since been called the 

calorific or lieating ray. 

This discovery of Dr. HerscheJU; induced Dr. Wol- 
laston to examine the other extremity of the spectrum ; 
and the result of hi|i experiments has been the discover- 
ing of another invisible ray, just beyond the violet, mani- 
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Testing less lieat than tbe rest^ but possessing the peculiar 
property of changing muriate of silirer from white to a 
bhick colour, and gum guaiacum front yello\^ to green^--*- 
Tbis ray, from its effects, has been denominated the che^ 
mical ray. 

These experimecits, though extremely difficult to 
make, have been repeated and amply verified, and prove 
that the solar rays are separable into three prindpal 
parts; the calorific or beating ray9,^4he colorific or 
colouring rayS>‘ and the chemical rays. ^ 

Another very remarkable discovery, said t(rhav& been 
made by the Marquis Ridolfi, and verified the late 
Professor Playfair, is the extraordinary property pos- 
sessed by the violet rays df magnetiring a steel needle. 
Great doubts, however, have been entertained of tbe 
justness of these experiments, which seem, «t least, to 
stand in need of further tria^. 


I now come to the subject of double refraction; by 
which is meant that curious property, possessed ty cer- 
tain crystals, of dividing a ray of light^nto two distinct 
sets of rays, so as to form two perfectly similar images 
of one and the same object seen through them! 

This extraordinary pbenonienou is most strikingly 
exhibited in Iceland spar, and sulphate of lime, the 


crystals of which are of a rhomboidal fig. 9 

of misc. plate i. • y 


If a piece of this spar be placed upon’ a sheet of 


white paper, on whkkgpall dots have been described, 
they will each appear like two distinct dots, more or less 


separated from eadh other, accordmg to the greater or 
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lesser thickness of tlie piece of spar.-^Tbis plainly 
shews that the lights in coming through the spar, is 
separated into two^complete rays. The refraction always 
takes place in the direction of the diagonal plane which 
joins the two obtuse angles of the crystal. — ^l^his plane 
is called the principal section of the crystal. 

Let abc^ fig. misc. plate i. represent the principal 
section of a crystal of carbonate of lime, e a ray of light 
falling on it ^This ray will be divided into tw'o com* 
plete rays, gne refracted to /*g, the other to /A- — the for- 
mer is. cjifled the ray of ordinary, the latter the ray of 
extraordbary refraction. 

Experiment. Lay a piece of Iceland spar upon a 
sheet of writing paper, on wlfich has been described two 
or three small dots with black ink. Each dot will ap- 
pear like two, and if the piece of spar be turned round 
on the paper, the extraordinary image of each dot will 
appear to revolve round its ordinary image; the two 
images always lying in a line parallel to the diagonal 
joining the two pbtuse angles, a d, fig. 7. 

The double refraccion of Iceland spar was known to 
Huygfaenk, who attempted to explain this extraordinary 
appearance by his hypothesis of the undulatory motion 
of light. The fact has always been considered as one 
well dcf^yhig the attention of philosophers ; but it has 
lately acquirSt^ a still greater degree of interest by its 
connection with the important discovery of M. Malus, 
of the polarisation of light byjcf,fH/ction. 

The polarisation of light is a subject far too extensive 
to be comprised in the narrow compass of a letter. 1 
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will endeavour, however, to give you as distinct and 
comprehensive a view of the subject as I can, by 
describing one or two of the principal experiments. 

Let a fig. 6, misc. plate ii. represent a ray of 
light commg*froni the candle a, and falling on the 
plate of unsilvered glass b, standing upright, and so 
placed as to receive the ray a 6 at an angle of incidence 
of 35^ 26' ; let this ray be again reflected to another 
unsilvered glass at c, also standing upright, and at the 
same angle of incidence, the reflection fr«^ this last 
plate will be in the direction c d, in the same^ plane as 
a h and /; c. • • 

Things being thus arranged, an ^ye placed at d will 
see the twice reflected inlage of the candle very dis- 
tinctly; and the same will be the case, if instead of 
placing the second glass c, so as to leflect the image to dy 
it be placed so as to reflect ft into the same plane, but 
in a contrary direction from c towards f. 

Now, let e and /’be a candle and glass placed in a simi- 
lar situation with respect to each other ^s a and b\ but 
. instead of the second glass being in a vertical position, 
let it be inclined to the table as g, so as to receive theray 
f g at an angle of 36*" 25'. By the common principles 
of optics, the ray f g should be reflected to A ; but an 
eye at A will see no image whatever of*llie candle at e, 
though the reflected image ^f the gl;isSi itself will be 
distinctly perceived. 

If the second glass'^ifi so inclined as to reflect the ray 
b c or f g neither into the same plane with the first inci- 
dent and reflected ray, nor in a plane perpendicular to it, 
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but in one inclined to it^ then a £eiint image of the can- 
dle will be seen^ more or leas bright as the reflection 
approaches* to the direction cd or gA. 

This peculiar modification of light, which disposes it 
to be reflected into one plane, is called its polarisation. 
Thus, the ray a bj or efy is said to be polarised in the 
plane abed, and depolarised in the plane fg h ; and 
in planes inclined to these it is said to be partially depo- 
larised. ' \ 

The angle of 36“ 26', is called the angle of polarisa- 
tion, because it is only under that precise incidence that 
the ph^iomenon completely takes place, at least with 
respect to glass. 

For the angle of polarisaAon differs with the refract- 
ing power of the reflecting substance, and of the sur- 
roundings medium, and appears to be such that the 
incident ray, if refracted, vVould be perpendicular to the 
first reflection : thus the incident ray a b, if refracted, 
would proceed to x, and b c will be perpendicular to 

bi\ t 

The refracted light b*x, is polarised in a direction 
contrary to that of the reflected light b c : for if a glass 
be placed at a, parallel to it will not reflect light, but 
inclined, as at g, it will reflect in a plane at right angles 
to a b b c. 

The dir^rily refrseted by a doubly lofraciing 
crystal is polarised in the direction of its principal axis, 
the extraordinarily refracted the transverse direc- 

tion. 

This, although a very rude and imperfect sketch, will 
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enable you to understand what is really meant by the 
polarisation of light. The subject is in itself an exceed- 
ingly difficult one, and has been rendered still more so by 
the vain attempt to reconcile it to idle preconceived 
theories, and* elaborate calculations, founded on very 
uncertain data. 
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MECHANICS. 


LETTER II. Page 5. , 

What is roeautby matter, and to 
what is the definition applicable? 

# Wliat experiments prove that air 
)» a body? 

U it kno^n of what matter i$«| 
composed ? 

Can yon turn to fig. i . and show 
how it is demonstrated that matter 
is infinitely divisible? 

Mention some instances in which 
the division of matter is carried 
very great lengths? 

Are there not facts still more sur- 
prizing with regard to the nat< 
divisions of matter? 

Do the properties of extensii 
and mobility, as applied to matt( 
leqiiire demonstration? 


How is moHofl defined^.and how 
many kinds of motion are there? ^ 
WlMi^dllp the principl^fhisrtta 
imply, and how is it iffostrated ? 

What circiittstances tend to stop 
a body in motion ? Give tlie exam.: 
pie. s 

What inferen^*is drawn from 
this? / 

How is the velocity dT motion 
measured^ Give the examjtfe. 

How do yovas^gfitnin tbevelodty 
of a body t 

the space run over found ? 
example. • « « 

the course of a body in 
ig. t ancTs. ^ , 

In what cases does a body in mo- 
tion have the same direction, and in 
what cases a different direction* 
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Kxplam, hy fig. 1, Uic composi- 
tion of forces. Give the examples. 

LETTER III. Page 15. 

Il^hy do tbe planets move in curve 
lines ? Explain this by fig. 5. I 

Wbat is meant by an accelerating | 
motion.^ Give the example. Let it , 
be illustrated by means of dg. 6. | 

By what laws is accelerated mo- i 
tioii governed? 

How many feet will a body fall | 
in 4y 6, and 8 seconds ; and how is | 
the depth of a veil kc, found by 
the motion of a falling body? 

Wha^ is ineanr. by attraction? 

How many kinds of attraction are 
theic? 

Why do heavy bodies fall towards 
the earth ? 

What 's meant by the attruciion 
of cohesion, ind in wlut cases docs 
it take place ? Give the cxainjdes of ^ 
the bullets and cock. , I 

What is capillary attract ii>n, and, 
whut experimerfe illustrates it? 

Explain the prh.^iple shewi; by 
figv 7, that of the third expeii- 
ment. 

Menuon ipome fantjliar instances 
of this kind of atiraction. 

What is meant by rcpn]^j^'n; and 
wliat examples illustrate trL prin- 
^.le? / 

LETTER IV. tage Ui. 

Wh4»t is tbe attraction of gravita- 
tioDj^jwd what motions depend on it? 


What exai^plc proves that the 
power of grav’ty is the same in all 
bodies ? 

How did Sii\ Isaac Newton prove 
that gravitjition ^ in proportion to 
the qiiJi itity of' matter attract- 
ed? 

What inference is drawn from 
this? 

Hovp are the apparent exceptions 
to this rule explained? Give the ex- 
periments. 

By what are bodies kept steady 
on the surface of the earth ? 

How has the deluge been ac- 
counted for ? 

,1s the earth a perfect globe ? 

Where is the power of gravity iiie 
greatest, and what laws docs it fol- 
low ? 

i / What is the difference of weight 
of bodies at the surface and at par- 
ticular beiglita above the surface of 
the earth ? 

M'hat w'ould a pound woiglit 
weigh at the distance of the moon.' 
and how is this explained ? 

Does the earth gravitate towards 
Ollier bodies, and how is it explain- 
ed? Give the experiments. 

■ W^liat is the cause of attraction, 

I and what experiment did Dr. Mas- 
j kelync institute in proof of it ? 

I la gravity an universal principle ? 

I _ 

LETTER V. Page 32. 

What is the first law^ of motion, 
iud how is it illustrated ? 

What is the second law of motion, 
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and how is it illu&trated f* El^piaiii /]i<fiTeDt bodies found r Explain fig« 
whdt is meant by figu|c 8. | 14. 

What is the third law of motion, i In bodies revolving about one 
how is it illustrate^ and what is another, what does the centre of 

gravity describe ? 

Shew by fig. 15, how the centre 
of gravity is foUnd? 

In what case will scale* beams, 
&c. rest in any position ? 

Explain what is meant by figs. 
16 and 17. , 

In whet case is 4^ waggon, ^c. 
liable to be overset, and under what 
circumstance U there no danger? 
See fig. 18. » 

Explain what is meant by fig. SO, 
How are the motions of, a loaded 
cylinder and a double cone explain- 
ed? Sec fig. SI and 22. 

Mention sonoie familial instances / 
in which the equilibrium* of motion 
is upon the prue»ple<^f 

gravity. , 

Hxplain the principle of the rol- 


learned from 

On what 
bodies depejid? 

How is the principle of elasticity 
explained? 

What facts are mentioned in con- 
nection with elastic bodies? 

Explain wliat is intended to be 
shewn by fig. 9 and lO. 

What curious fact depends^n the 
inertia; of matter ? 

What is a pendulum? Explain the 
principle of pendnliiins in motion J)y 
fig. 11. 

Wliat is (lie point of suspension, 
and what is tlie rule, with regard to 
the lengths of pendulums ? • 

What* is meant by the centre of 
percussion ? 

Where do pendulums vibrate the 


slowest, and what 
ipience of this? 


is the conse- ' ling candlestick, fig, 23. 


LEITER Vf. Page 49. 


J What circumstance wilt the know* 
I ledge of the cent*;, of gravity rua- 
! blc IIS to exp}<u^^ • 

' LF.xy^ VII. Pa|p». 

lAechanical 


V'liat is meant by the centre of j 
gravity ? For what 

What is the line of direction? ^ i powers used? 

On whnt principle do bodies Wl»4l^s meant by tlie woid Wio- 
stand, and on what do they fall? « 

Explain what is meant by fig, Exi%m the experiment shewn l)y 
and 13. I ^ fig. 24. 

What inferences are drawn froji I Why do cannon-balls do more 
thi^ ? I I mischief ihdii the ancient hatteriug 

Hov\ aie the centres of gravity If ram^ ? 


t> .. 
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IFiiat urc the raechauical powers', 
wlmt do they enable a man to per> 
.form, and what is (drived from 
them? 

Explain the principle of the lever 
by fig. 15. 

With fig. 26 point ont M'hat is in- 
tended by the first experiment. 

In irbat cases is there an equili- 
brium between the weiglit and the 
power? ' 

How is the velocity of a body 
measured? Explain tiiis by fig. 27. 

Point out what is meant by the 
phrase ** What we gain in power 
we Jose in time/* 

Explain the principle of the steel- 
yard, fig. 28. 

What iostnimei|ts, &c. are to be 
leferred (o levers of tbe first kind? 
< Explain the principle of a lever 
of tbe second kind, fig 

What instramenls are to bn re- 
ferred to this? 

Explain the principle of a lever 
of the third kin^ fig. 30. ’ 

What familiarSdstances have wo 
of l^ivgrs of this sort^ Explain what 
is meari by fig. 31. V 

Wha^^s meant1)y th : idnrtli sort 
of Icfir, fi^. 

LEirER Vni. PagMi. 

” * «‘li 

Explain the principre of the wheel 
and axis, fig. S3, 34, 35. 

To what is the wheel and axis 
applied? 4 , 


Explain tli‘. principle of the whe^ 
and pinion. 

To what if* the wheel and pinion 
applied? ^ 

Explai^r the pi pciple of the crane 
repre^i^nted by fig. 36. 

How does the circular crane act, 
fig. 37 ? 

What is the principle of the wind- 
lass, fig. 38 ? 

Explain the principle of the pul- 
leys, figs. 39—44. 

How is tlie advantage gained by 
pullies estimated ? 

What inconvenicncies attach to 
tlie working of pullies ? 

**10 what respect are these defects 
obviated by Mr. White’s pullies? 

o LETTER IX. Page 65. 

Explain, by fig. 4.5, the principle 
of the inclined plane. 

For what is the inclined plane 
chipfiy used ? 

How is the fojce of a body de-,.^; 
scending down an inclined plane i 
estimated ? f 

Point out what is intended by fig. » 
46, 47, and 48. 

How is the advantage gained by 
the inclined plane estimated? 

What instruments are referred to 
the inclined plane ? 

Explain tlie principle of the 
wedge, fig. 49. 

For what is the wedge used, and 
how is the advantage gained by it 
estimated ? 
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Of what are vvedges usually diade, 
and how are they gegirally used? 

What instruments are referred to 
the wedge ? / 

Explain the ^ucipk of the 
screw, fix- 50. ^ 

What are figures 51 and 52 in- 
tended to explain? 

How is the power gained by the 
screw estimated ? 


LETTER X. Page 71, 

% 

To what are the principles of the 
mechanical powers reducible? 

In the mechanical powers how di’e 
the powers and weights arranged? 

How much is to be allowed in 
practice for friction? 

What is friction, how is it repre* 
sented, and how does it vai^? 

Under what circtimstaoces is the 
impediment from friction the small- 
est ? 

For what are friction rollers used? 


» To what motions are heavy 
weights applied? 

In what r^ect is the force of a 
sprini nseful as a moving power, 
and in what does it dlifer from that 
of a descending weigbtf 

LETTER XL Rage 77. 

Will} what are bodies in motion 
compare^* aifd how is the subject 
illustrated ? • 

To what investigation have the 
properties of the tever been ap- 
plied f 

Explain this by fi^. 57. 

What inference was deduced by 
Galileo? Explain this by ihe figure. 

What reason is assigned for the 
stalks of com, the qnilJa o) feathers, 
&c. being hollow ? 

"TCWTirr^as this prinol^e Wo 
applied? * 

What bodies, as to large and 
small, are iiore in danger of acei- 
^dentsre 


Explain what is meant by bgs. 53, 
5*1, and 55* 

Point out the action of the ma- 
chine represented by fig. 56. 

Give the example to prove tliat 
what is gained in power is lost ii^ 
time.” 

What proportion of labour it that 
of a man to a horse ? .vi 

Why is running water preferable^ 
to wind as a moving power? ^ 
Which is the most powerful oft 
agents, and to what is it applied? f 


How is the fop^e Vhidi ten^ to 
break bodie^stimated ? Ero lain 
this by fig. ^ 

Wliat cir/imstances mus^be con- 
sidered in the c^^aifii^section^ me- 
chanics ? 

In whtHt way i» a compound ma- 
chine be examined ? fig« 56. 

How tv the mecha nica l imwer of 
an engine "c^o v erecly ^ > 

Illustrate this with the emimple, 
fig. 56. 

How is the power gained by 
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wiioel-work ralciilated? Give llu* 
<'xa!nples, 

What rules aie dedifJlJedfron!] this? 
Ciivf' the example. 

hETTER XII. PaKo 07. 

Kxplatn, by fiij. 59, the parts of 
the inside of a clock. 

What effect is produced l>y the 
iiK'tion of a pendulum? 

What rejjhlates tlie 'v/'loeity of 
the wheel-work, and how is this ex- 1 
plained ? j 

Point out thfe jne^hod by whicli ! 
the hour and miimta hands are i 
moved. , ^ | 

Explain by what means time is so I 
exactly measured by a pendulum. 

Is the weight a^oeceasary part of 
a clock. ' 

r «E.Tplaio the striking train of a 
dock. ^ 

Explain what is meant by fig. 

6^*, 

Of what are watched composed ? 1 


Explain, means of the figures, 
in what way they are conslrnct- 
ed. \ 

How (Itjes watch act after it 
is wountj, tp ? H- 

Wl^'does the honr-hand turn 1-J 
times slower than the inimite* 
hand ? 

Why is the fusee cut into .i npiial 
form ? 

How is the motion of a watci) 
adjusted ? 

Repeat the lines from Lucretius 
on time. 

How is time noticed, and how is 
it measured ? 

“’What instruments have been used 
to measure time ? 

Explain the principles of the hour 
glass, clepsydra, and sun-dia). 

What is the most ef|nablc motion 
in nature, and what was the cause 
of the divisions of time ? 

Why are time-pieces faster in' * 
some countries than others ? 


I 

MIYDROSTATICS. 

\ 

Ll?rTEk-kKl. P 4 «e 102. I What « me^t 1^ aflnid, and boiv 
bmany kinds of fluids are there? 

Of what iloes tlie scicn<^e of Hy- 1 What is said of their particles, 
drostatics teach ? ''^****^ circumstances does 

To whal.jloes it parti^afarly rfei^'-this theory account P 
hitf:? V How are. fluids distinguished from 

How is the science of hydrosta- liquids ? 
tics distinguished from that of hy- . II What particularities attach to 
draufics? ^ iwater which do not belong to solids? 




Wliy was it suppoae^ fornJerly ^ 
that fluids had no wil^ht in fluids 
of the same kind ? ♦ 

What is the expe^eot that re- 
futes this opinion? / i 
Why is a bucket so easl^drawn 
up a well ? 

(iive an account of the experi- 
ments to prove that fluids press in 
all directions. See Plate HydrosUt- 
IkSj fig, 1 — 4. 

What pressure does the bottom of 
ii vessel} filled with any kind of fluid, 
sustain ? ^ 

How is tlic upward pressure dis- 
tinguished from that downwards? 
Can lead be made to swim, flgts5P 
What is the hydrostatical para- 
dox, fig. 6. and 7 ? 

What inference is drawn from 
this? • 

In what respects does pressure 
differ ftom gravity? 

Explain the nature and priociple 
of the hydrostatical paradox, fig. 8. 

What will be the consequence of^ 
increasing the length of the tube ? 

Explain the mechanism of Bra- 
mah’s hydrostatic press, 

LETTER XIV. Page 113. 

W'hat bodies swim, and what sink 
in fluids? ^ 

What is meant by the specifip 
gravities of bodies, and what is 
cessary to ascertain them ? t 
Who made this discovery, ar^ 
how v^8 it found out? , 


• If a body be suspended in water, 
what weight does it lose ? 

In what cas^ do bodies lose equal 
and ifi^what unequal weights? 

Explain the nature of the hydro- 
statical balance, fig. 9. 

Give an account of the first ex- 
periment. 

How is the specific gravity of 
guinea found, and what is the gene- 
ral rule ? ^ * 

Point dut the metliTid of finding 
the specific gravity of a piece of 
flint glass. , 

How is thC^isB^cific gravity of 
wodd, that if lighter than water, 
found ? • 

How is the specific gravity of 
! mercury found ? 

What is the ^onstructi^fn of the 
hydrometer, fig. 10, and how is the 
of fluids ^JUfliar % 
it? ' * . 

How are the specific gravities of 
fluids cstiq^ated ? 

^ Wl||it experiments are explained 
by the knowied^ of the specific 
gravities of b^es? fig. 11. and IS. 

Can flui^ of difl'ereyiirrpecific 
gravities b^arranged upo^one aii- 

I Explain the pt^Sciple. of table, 

, page 130. 

I H>;w is the ascent of air balloons 
,*^rcon.:*ted for ? 

' Can yojo t SjUr' '^count of 

j Lonardi’s and Garnerin’s exhibt- 
I tions? fig. 10 and 11. Plate ii. Hy* 

' (irostutics. 



Od what does the diviiig bell de- 
pend for action? 

Explain tlie divin| bell, repre- 
sented by fig. IS, and for wiirfi, is it 
used? 

LETTER XV. Paj-e IH. 

What is learnt from the science of 
hydraulics ? 

Repeat Uie rule for findkig the 
velocity of spouting water, and from 
what does this rule result f 

How does pressure against the 
sides of a vessel increase, and how 
is ft illnstrated byvsy^erimcnt ? 

By what method is it proved that 
the pressure of < fluids follows the 
same law as falling bodies? fig. 1, 
Platen. 

What i|l the premure on the bot- 
tom and sides of a cubical vessel 

Give some scconnt of fue pressure ; 
of fiuids as it relates to their motion I 
tbroogli pipes. ^ j 

What difference exists between j 
pressure of fioidtu^inst the side of 
a vessel, and the vHj^city of these 
fluids 




vrbat law does tlie velocity of 
spouting wat&r decrease, and what 
instrument depends on this princi- 
pie? \ 

How id^uhe c^psydra construct- 
ed? 

Why is great strength necessary 
in the banks of rivers, canals, &c. ? 

Point out what fig* 2. is to ex- 
plain. 

What is the general rule with re- 
gard to the horuontal distance to 
which a fluid wiU spout ? 

Whff, do the pipes pointing ob- 
liquely shew? fig. 2. 

Can fluids be couveyed over hills, 
and through valleys, and why ? 

Describe the principle and expe- 
riments relating to the syphon, fig. 
1, S, 4, and 5. 

i Why does not water spouting 
from a pipe, fig. 2, rise to the level 
of that within the vessel? 

Explain the principle and strut 
tore of the common pump, fig. 7. 

. Explain the operation of a forcing 
pump, fig. 8. 

Point out what fig. 9 h intended 
to shew. 


PNEUMATICS. 




LET^»!. ?fVL Paj[ei34. 

What is the air, and to what 
h€iglrt|i?,jt extend? 
WhllkiPpcrties docs it possess 


iu>*€onimoii witli other fluids, and in 
what particulars does it differ from 
tl\em ? 

/To what is the science of Piteu- 
maticB devoted? 





By what experiments is it proved 
tliat air is a stibstan^ ? 

What is the weight of 

air? Work the exsf&ple in note, 
page 156. f 
Explain the f^mctoiVxOf an air* 
pump, 6g. 1. Plate Pneume^ies* 

By what law is the pressnre of 
flnids regulated ? 

Explain the 5th> 6th, and 7th ex> 
periments. See fig* 2. 


What facts are there io shew that 
^be air near the earth is denser than 
that higher above it ; and bow far 
is the atmoi^faere supposed to ex* 
tend ? 

Explain the operation of the arti* 
flcial fountain, fig. 10. 

LETTER XVIL Page 146. 

Explain what fig. It is intend^ 
to shew. 


Point ont the air’e elastic power | How ii it sliewn that light bodiei 

by experiment 8, aod fig. 3. j more affected than heavy onea 

Do none of these experiments | resistance of tlie air, fig. Uf 

depend on auction ? and how is thU How is mt^criy forced into the 
shewn by fig. 4. I pores of wood i 

How is a piece of wet leather | wbat do experimenta 4P5, aod 6, 
made to lift a heavy freight? | prove? 

Explain the operation of the he* why does Uie smoke of a candle 
mispheres. fig. 5. • jugt extiaguishr. i ascend ?| 

How does the transferrer a^t, What experiment shews that air 

.iS^Bwessary to sound ? ^ ' 

What facts are shewn as resiiltbig In wnai^ir is sound the strong- 
from the pressure of the atmos- est? 

sphere ? Is air necessary to sound and ani* 

How does the fountain in vacuo mallife?^' 
act? fig. 7. ’ Explain the i:th experiment. 

Explain the principle of fig. 8, Can air be perfectly exhadSted 
and how are the changes of the at* by means the air-pnmyir^ 
mosphere ascertained? Point ^it the action ai d theoiy 

What experiments prove the elas- of the Torricellian weriiient, fig. 
t icily of the air? experiments 16, IS. 

17, and 18. Explain the Structure of the baro* 

Can air be compressed intd a less mete/, fig. 14. * 
space than it usually occupies, and How high can the’mercniy be 
how is it proved by fig. 9 ? made to rise, and. 

What is tlie elastic spring of the What is the varia?iou of^thescide, 
air always €<iiial to, and how is it and what is the construction of th« 
proved? Verniei ? 


P 3 



To wbttt 18 tUe vai idliua of the 
nicfcury in Uje haroineter applied?* 

What does the lisiog and fallmg 
of the oiercury presage ? 

When is bad weather not expect- 
ed to last ? 

When may a continuance of fair 
weather be expected? 

What does the unsettled state of 
mercnry denote ? 

Explain the principle of the hy- 
grometer, and for what is it used. 

Point out tlie nature of a rain- 
gauge, and for what it is used. 

Explain the stiacture of the ther- 
mometer, fig. 16, plite II. 

How is it graduated, and what is 
the utmost extent of this instru- 
ment? 

Explain the nature of the thermo- 
meter iiCvented by Mr Wedge- 


Do^ you understand the principle 
on Which the scale of heat’’ is con- 
structed? pag^ 157. 

Show bow \he centigrade scale is 
reduced to that\of Fahrenheit, and 

LETTEat XVIII. Page 169. 

How are great heights measured 
by the (barometer? 

What is the pressure upon the 
human body? 

Can you cxplaiu the. structure 
and operation of the steam-engine, 
figs. 17 and Ig ? 

What work will a steam-engine 
perform, and at what expense r 

To what were steam-engines first 
applied, and for w'hat purposes are 
they now used ? 


I 

i 

I 


ACOLi STICS. 


XIX. Xg 


LETTER XIX. ISJigel67 
In wll t does the scienbe of acou- 
stics instruct^lf^ , 

Wiiat opinions bad the ancients 
respecting sound ? 

XV ill all fluids convey sound? 

XVitli w' 'i;'.;:^locity does sound 
travel, and ho^ is tiiat.uscertamed? 

Do 1411 kinds of sound travel at 
the same rale ? 


! From what kind of bodies <lo 
' cl6ar, and from what kind do hwsU 
; sounds proceed? 

' Is every substance a conductor oi 
sound ? 

Ill what way may a trifling scrutcli 
with a pin be heard at some dis- 
! tance ? 

' How is experiment i\ . conducted , 
‘ and wliut is the result ? 





1& tlic earth a conductor of aottnd? 
Of what is sound tiie effect i 
Under what drcuinstances is 
sound reflected ? / 

What is ao ec^M)? Explain the 
experiment, flg. 19. ^ 

What is the theory of pfonuncia* 
lion so as to obtain a distioct echo? 

Explain the principle of the whis- i 
ppring gallery at St. Paul’s. ! 

What is the principle of the j 
speaking trumpet, and of speaking j 
figures ? I 

Sliew what is meant by figs. j 

and 21. 


W'^hat are the causes of the variety 
hf sounds 

What does flg« shew? 

How are Hie soands of an EoHan 
harp produced? 

What is wind, and how is it pro*> 
duced ? 

Explain experiment 9. 

On what does tlie smoke*jaek de- 
pend for action ? 

How are the winds denomiua- 
ted? ' 

How many kinds of wind are ' 
there, and what are tliey ? 


Hi 
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LETTER XX. Page 178. j 
On what does the science of Of- ' 
tics depend, and what is said of the ! 
particles of light? I 

At what rate does light travel, | 
and how was it observed ? Explain ^ 
this by fig. 1, Plate i. Optics. 

What have philosophers conj[*r- ; 
ttired on this subject ? | 

What experiiuent proves thatj 
light moves in all directions without i 
any impediment? 

At what distance can a caudle be 
seep in a dark night? 


By wlOat law does the intensity of 
IighS increase? ^Give the illustra- 
tion. 

» 

What is neant by a ray of light? 
W’^hat r refraction, ^*^pplted to 
light ? Explain fig. 2. if 
When is liglr. wn nearer to a 
per pcndiculdi’^ and when does it pro- 
ceed farther/rom a perpendicular ? 
How are objects seen ? 

Explain experiment 4, 

What k^ihe axiom in\|»tics ? • 

Why does a straight stick, im- 
nieised in water, appear crooked f 



Dom water appear deeper or 
fibattower than it really is ? ^ 

.Are the lieaveoly bodies seen 
wbere they really are Mg, 3. ^ 

Eaplain experiment 6. 

LETTER XXI. Page 185. 

With fig. 4 explain the stmctare 

me several kinds of lenses. 

What effect is prodoced by len- 
ses? ^ 

When are rays said^^ to converge, 
fig. 5? 

How is the foCiis of a lens found 
in a plano-convex le^, and what is 
the reason of it ? 

o «, 

What is the distance of the focus 
of a double convex lens? see fig. 6. 

What is a common burning-glass? 

I>0 you‘ recollect the experiments 
wh iR^-ypr e made with Mr. Parker's 
large burnir^^'-glass ? 

Can you explain the principles 
llllistrated by Jgs. 6, 7, and 8 ? 

How is the experiment luadc? 

What is the rul^ for finding the 
image or picture of an object? 

Tell me wbat fig. 9 is^tended to 
explainT*^’ \ 

How fig* 10 explained, and 
what is meoDH^jh^n imaginary fo- 
cus? 

Where are the foci of the differ- 
ent kind of lenses to be found ? 

Explain what is meant by refiect- 
«dlight,scefigu8. y 

Wbat general maxim recurs in 
this part of the subject? 


Egpiatn what fig. ll is intended 
to illustrate, r 

Can a peraon lee the image of bis 
whole pehon'^n a glass half as tall 
as he is high ? \ 

Under piSiat drcumstauceiy and 
why, are two images of the same 
candle seen in a looking-glass ? 

Is tlie image as vivid as the ob- 
ject? 

Explain the effect of fig. IS. 

When is the image of an object 
inverted, and when erect, and when 
will the image and object eoincide ? 
see figs.Ss, 14, and 15. 

What are anamorphoses, and how 
Bra they produced ? 

t 

LETTER XXII. Page 195. 

Of what is light composed, what 
are the seveial colours excited by 
it,^ and which is most, and which 
the least refrangible ? 

How many colours are thcrct aud 
how are whiteness and blackness 
produced ? 

• Illustrate, by fig. 16, the principle 
of colours. 

What is inferred from tlie oblong 
figure of the image of a ray of light ? 

What aiialSgy is there between 
colour and sound? 

How is white produced by mixing 
other colours ? 

How is the rainbow produced ? 

Explain the principle of the raiiK 
bow, figs. 17 and 18. 

Explain the structure of the eye, 
figs. i9 and ii!0. 
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What are the three hiimouri call* 
ed, and what are tlinr uses? 

How are objectifieefi ? 6g. SU 

Can you mention ^at Dr. Young 
says on this subject ? 

What are th^ causes'etfmdutmct 
vision ? 

LETTER XXIII. Page 203. 

How are the colours of Imdics 
explained, aud what are white and 
black ? » 

How is it proved, that colour is 
not inherent in bodies? 

Which have been suppled to bo 
the largest, and which the smallest 
particles of light, and why? 

How is it proved, that light ft the 
cause of colour? 

How are the colours of natural 
bodies produced? 

What bodies reflect the greafbst 
quantity of light? 

What reasou is there to suppose 
that all bodies are natmally trans- 
parent? 

How are opake bodies rendered 
transparent and the reverse ? 

On what principle is the variety 


of colours in same stuffs, siJkSi 
Explained? 

What theory is adopted by Mr. 
Del^val ? • 

Explain the principle of 
microscope? see figs. 22, 23| and 
24. 

Docs a lens actually magnify ob- 
jects ? Explain this by experiiiieiit 

How many kinds of microseoj^ 
are th^rt, and what is a single mUr 
croscope ? • 

Explain the structure of a conii* 
pound micro8cop>e, figs. 25 and 26. 

Explain tl# nature and use of the 
solar microscope, fig. 27. 

What are tcleMopes ? 

Explain, by figs. 28 and 29, the' 
structure of the refracting teles-., 
cope. ^ '• 

Point out the principle of the 
IfSect'jap^telcscope. - 

Can you give any^connt of the 

Camera Obsenra,/ and ** Magie 
Lanthor^ ?” 

^l(hat is the priudlj^ of the phan- 
tasmagoria? * 

What are multiplying glasses ? 


ASTRONOMY. 

* 

LETTER XXIV, Page 216. I Why d<^the aj^pvent«>molions of 
What great dMcoveries have been ; the heavenly bodies excite no snr- 
lately made iti astronomy? ; prise ? 



Why the stars not seen in the 
day? « 

Can the distances of the heavenly 
bodies be ascertained ?% 

Why are some stars called 
and some denominated planeiSf and 
how is the difference between Uiem 
observed? 

What are comets ? 

, 4 fa«iC::n the periods of the planets 
and comets be ascertained? 

Do planets and comets differ from 
the fixed sur^by their ligfit, and 
how are they distinguished ? 

How are the fixed stars divided 
and distingutsbed tVonlF%ne another ? 

How did the ancients divide the 
starry splTere, aDd\iow is tliis done 
by the moderns? 

Into what are the heavens di- 
vided ? ^ * 

What do es the zodiac include ? 
Have any^f the single j^tars-pcK'^-' 
ttcular name\ f point them out on 
the celestial gube. 

What is .ueanf hy a tieiiola, and 
whal is Dr. Heischers acruiit^^ on 
tins subject f 

4 Are the fixed stars supposed to be 
absolutely mmoveable with respect 
to one af^other ? 

LETTER XY^ Page m. 
What is said of tlie.siui ? 

Of what does the vsolar system 
consist ? 

» Whal IS •'^le^ofnmorj pinion re- 
spcciing the v.diltJ, anu vOtat did 
lj^’4liagofa8 leac'li? 


What theory did Ptolemy adopt r* 

What was l^cha’s system, and 
what improven^t was made upon 
k? \ 

Who revived the Pythagorean 
system of dl^ world, and why as it 
now denominated the Newtonian 
system ? 

Explain what is intended by 
plate 1 . of Agronomy, 

Which are the “ inferior” and 
wliicli the “ superior” planets, and 
why so called ? 

What motions have the sfcomlary 
planets dnd comets ? 

Explain what is meant by fig. 1 , 
plate II. Astronomy, 

tVben are planets said to be i;i 
** conjunction,” and when in *• op- 
position?” 

What are the ** centrifugal” and 

Centripetul” force#? Explain this 
by fig. 1. 

What is the general rule for as- 
cerlaining the distances and veloci- 
ties of the planets ? Explain tlie 
table, page 235. 

LEl'TER XXVJ. Page S36. 

Wim motions has the sun, and 
how are they ascertained ? 

Can you give any account of Di . 
Ht^schcl’s speculations with respect 
to the moon and sun ? 

^ How many planetary bodies at- 
tend the sun, and what arc; ihcir 
proportional distances? 

In what arc the motions coinpi e- 
heiuied ? 





Give me some account of Mer- 
cury, and ex|>lain Ua motions by 
fig. 2. * 

Wby are Mercni^ and Venus 
never seen in that side of the ben- 
veils which is oj^positeto the aim? 

To wliat has the motion of Mer- 
enry been compared, and why ? 6g. 
2 . 

Why do the apparent diameters 
of the pianete vary ; and when does 
Mercury appear largest and least? 
fic. 2. 

What js meant by a transit ; and 
what do transits prove ? ^ 

Do Mercury and Venus exhibit 
similar pliases to those of the 
moon ? • 

What account is given of Venus? 
U'hat proportions of light anil heat 
<io Mercury and Venus enjoy? 

« 

I.lilTER XXVir. Page 2 «.^ 

Give me some account of the 
eailii and Us motions. 

Wiiat does the inclination of tjie 
e.Ar Ill’s axis produce? 

Mliat is said of the motions of the 
eai til and moon combined ? 

What length is the diameter of the 
moon, and at what distance is that 
body fioni the earth? 

How long is the moon turning on 
=!• lift axis, and what is the effect of 
lids? * 

What reasous arc there to induce 
one to believe that the earth is a 
lound body? see fig. 3. 


Wiiat is the true level of the 
dhrth ? Is the earth a perfect 
globe ? 

Does the ^rlli tnni on its aathf, 
and J(hat effect is produced by this 
motion? 

Explain what is meant by %. 4f 
with regard to the illiuaiaalum of 
the earth ? ' , 

How is it known that the 
has ail annual motion round the 
sun? • 

Point out.the cattn^of ilie sea- 
sons, and shew the reasons Air long 
and short days. ^ 

Why are life iTmters colder titan 
the summers ? 

0 

LETTER XXVni. Page 255. 

What is saids of the i^ioon, and 
what is the difference between a pe- 
and synodical month? 
Explain what fig. ^ intended to 
represent. § 

Does the earth serv^o enlighten 
the moon, and whivl^ffect does it 
produce ? % 

What is an eclipse of the nfhou? 
Explain this by figs, fi^an^ g. 

On what does the dura'iion of an 
eclipse depend ? ^ i 

Wiiat is meant by the term di- 
gits? 

Where arc lunar eclipses visible, 
and on what does ‘the length of 
eclipses depend*? ^ ^ 

On wiiat docs t1ie faint light of 
the moon in an eclipse depend? 
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Iq iwhat len^tli of time do the 
moon's luxles come id to the sanie 
|»08ttion as they are at any given 
period, and what efsct does this 
^dace? 

Explain the natnre of an eclipse 
of tlie tan, dg. 8 . | 

Ifbat observations does Br. { 
Vuice make on the subject of 
Oc!:pse6? 

To wliat have eclipses of the 
moon been applied ? «• 

How many eclipses are there in 
a year, and when do they usually 
happen P 4 

Give some account of the tides. 

When are tides the highest and 
when the lowest ? 

LETTER XXIX. Page 264. 

Give some account of Mars aud 
his motions, see fig. 9 . 

Wlien does he appear full-flieeil 
to an inhab. ant of the Earth, and 
when otberwt^? 


Is there any analogy between 
Mars and the Earth P 

What smaller revolving bodies 
are Ibnnd between the orbits of 
Mars and Jupiter P 

What acebimt is given of Jnpiter 
and his moons? 

What is discovered from the 
eclipses of Jopiter's satellites? Give 
the example. 

Give some account of Saturn, his 
satellites, and rings. 

Wlmt is said of the Herichcl planet? 

What account is given of comets? 

WhaC reasons are there for be< 
lieving that comets are very solid 
bodies? 

dan you explain, by fig. 10 , in 
wbat way the distance of the moon 
from the earth is ascertained? 

Explain what is meant by Paral- 
lax, and how the distances of the 
sou, moon, aud planets are found. 

Explain the roetliods of finding the 
latitude and longitude at sea. 


ELECTRICITY. 

«« 


LETTEB.::XX. Page 273 . 

Wliat is said of the electric fluid ? 
VV^hafare the effects produced by 


the electric fluid, and how is it made 
perceptible to the senses? 

Explain the structure of the 
electrical machine, fig. 1, and give 
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some account of the fret four e*kpe- 
riiuents. , 

Give some accouni^of tiie differ- 
ence between conductors aihd elec- 
trics. 

What is the itfeaning of the word 
“ insulated ?’* 

What is the difference between 
positive and negative electricity ? 

What are the theories of Dr* 
Franklin and Dn Fay? Give an 
illustration of Dr. Franklin’s tlieo- 

>y- 

What is meant by an flectrical 
shock ? 


• Explain the nature of the electri* 
cal Leyden phial^ fig. 2. 

What is n^ant by an ele€tric4 , 
batte^? 

Give some account of tbo dtii» 
rth, and 8th experiments. , , 
Explain the action of the 
cal bells. ! 

Give an account of the ifftb, 

12th| isih, and l4th experimentf* > 
Are ligjlitniug and electricity e^; 
fects o^the same caiiSwiL 
To what practical purposes hep 
the science of electricity been np^ 
pli^? 




GALVANISM., 


LE'rTER XXXI. Page >88. 

t 

What fishes possess the electrical 
properties ? 

How were the discoveries of Gal- 
vani made f 

How is the limb of a dead animal 
put in motion ? ^ 

Give an account of the first three 
experiments. 

In what way are tlie taste and 
sight affected by galvanism? Ex- 
periments 4 and 5. 

How are the conductors of this 
fluid divided ; and which arc the 


f 

I perfect, ^nd which Upr imperfect 
j con^petors? 

Of what does simple combina- 
j lion consist ? 

Explain the structurn of (he pile 
represented by fig. fi. 

How does the battory, fi|. T, act ? 

Explain the^'metbod of operating 
with the battery represented ^by 
^figs. 8 and 9. 

How is water decomposed, (see. 
figs. 9 and 10,) au^ of what is ih 
composed^ 

What conclusions are drawn from 
this subject? 



MAGNETISM. 


l-ETTliR XXXn. Page *95. 
What iH inagnetism, and from 
YiUai does it derive its name ? 

To u'hat has tiiie magnet been ap* 
plied ? 

is the attractive power of 
the magnet shewn, and to what can 
it be coromunicated? 

How wilfa magnet at liberty ar- 
range itself, and how are the poles 
of a magnet lountji i 
In what circumstances do the 
poles of a magnet attract and repel 
each other? 

What is meant by the “ varia- 
tion" of the needle, and what is 
meant by its dipping T 
What is the magnetic meridian, 
and what is the declination of tfic 
magnet? ^ *' 


In what parts of a magnet is tlie 
attraction the strongest? 

Explain how the polarity of the 
magnet is nseftil to mariners. 

What is meant by the mariner's 
compass? 

Is the variation of the compass 
the same in different parts of the 
earth? 

What is meant by the dipping 
needle?^" 

How is magnetism communicated 
to iron, &c. ? 

What is meant by a horse-suoe 
magnet, and what does arming a 
magnet mean? 

Give some account of the disco- 
Yiries of Professor Oersted. 

Explain the structure of the ma- 
riner’s compass. 


MISCELLANEOUS. 


LETTlpR XXXIir. Page .S03. 

Desenbe the method employed 
by Captain Kater for determining 
the length of a pendiilnm. 

In what respects does the Aebro- 
pnatic telescope differ from the sim- 
ple one ? 

Explain what is meant by calori- 
fic and chemical t.iys. 


What is the discovery said tf» 
have been made by the Marquis 
Ridolfi.=> 

Explain wlmt is meant by double 
refraction. 

Give some account of the disco- 
veries of Mr. Mains, and explain 
what is meant by the polarisation of 
light. 



INDEX. 


Aurora Uorealii^, p. '500. 


B. 


A. 

.\c’ckli:iiatikg Motion dduicd, p. 

Ifi. 

Acceleration, Law of, p. 19* 

Acliioiuatic 'relescopes, p. 3oi. 

Acoustic^ p. lt>7. 1 

Action and llcaction.eqoaftmd can- Barometer pJSiJ 

trary, p. 34. 

Air, weight of, p. 13(i, 141. 

, pressure, p. 137. * 

, elasticity, p. 142, 147, 143. 

Air Balloons, p. 120. 

Air Bump, p. 136. 

Anamorphoses, p. 194. 

Annular Eclipse, p. 239. 

Apogee, p. 258. 

Aphelion, p. 232. 

Apsides, p. 232 


Vl- 


DalancJ of a Watch, «47. 
\2lirooometer, p. 98. 


Battery, Eleilricil, p. 283. 

Birds, how supported in the air hy 
their Wings, {» 35. • 

Bones of Animals stroiiger for bein|j 
hollow, p. 79. 

Bi amah’s Hydrdgtatic Prels, p. 112* 
Bninitig Glasses, p. 186. 


C. 




Cameleon, Colours of explained, l>. 
206. t ^ 


Ar:.rn:do;d.;;overs ,..c method W Can»era Obsc„ra,^{.f5t4, 


ascertaining the Speci6c Gravilie.s 
of bodies, p. 114. 

Astronomy, p. 216. 

Atmosphere, tiie height of, p. 144. 
Atmospheric pressure sustained by 
man, p. 160. 

Attraction defined, p. 18. 

of Gravitation, p. 19, 24.* 

proportionate to the quan 

tity of matter, p. 23. 

of Cohesion, p. 19. 

— Capillary, p. 20. 


Capstan, p, 60. 

Carts, necessary precautions in load- 
ing them, p. ‘13. ^ 

Centigrade Scale, how reduced to 
Fahicnheit's;p. 15«. 

Centre of Gravity, p. 42. 

how found mechaflij^, p. 

44. 

Centrifugal force, 9.. 233. 
Centripetal force, p*. 233. 

Ceres, planet, p. 266. ^ 

Clironometers, p. 98. 



INDEX. 


ClefiyUrs^ p. 1*7. C 

Qodcs detciibed, p. 88. 

CoUisiOD of fiodiesi p. 35. 

Colonn of Bodlei, p. 80S. 

Carnots, p. 83f,869. 

ConiMiaSi Mariner’s, p. 301. 
Compressibility of Water, p. 103, 
lOd. 

CmKiactors of Electricity, p. *80. 

, Oalfanic, p. *90. 
Coiwtellatioiis, p. ***. 

Table of, p. **0. 

Copernicus, restorer of the Pytha- 
gorean System, p. *30. 

Cranes, p, 59, 6U 

Bf. 

Days, variation in the length of, ex« 
J: plainedf p. *51. 

Delnge, bypotbesis concerning, p. 

, *7.. 

'Detached Escapements, p. 99. 

‘ Dip, Magnet p. *98, *99. 

' Distances, ^liow measured by means 
* of sound, p . ^f;8. 

|;Dbtances of the ( 'Celestial Bodies, 
found, p. *7*, 275. 

Diving Bell, p. 1*2. 

' Donble Kefraction, p. 307. 

E. 

Earth, her distance from the Son, p« 
uf a globnlar form, p. *46 ; 
I blit Battened at the poles, p. *47 ; 
n^er the S& in Winter than in 
Sommer, *51. 

p^ 170; distance at orbiclt 
, formed, p. 172. 


Ecliptic, p. *?*. 

Eclipses of the Sun, p. 258. 

of thd.Moon, p. *55 ; me- 
thod of finding tbe Longitude by 
them, p., *60. 

number of Eclipses in one 

Year, p. *60. 

Elasticity defined, p. 55. 

Electrical Machine, p. 279. 

Electricity, p. *78. 

Electrics, p. 279. 

Ellipse, p. *3*. 

Endless Screw, p. 70. 

Engines, fiie and garden, p. 133. 

, Steam, p. 160. 

Eolian Harp, p. 174. 

Extraordinary rays, p. 308. 

Eye deseribed, p. 199. 

F. 

tX 

jailing bodies, time of falling hoar 
computed, p. 18 ; quicker at the 
poles than at the equator, p. 41. 

Fahrenheit’s Scale, how reduced to 
Uie centigrade, p. 156. 

Feathers of birds, why hollow, p. 79. 

Fixed Stars, p. **0. 

, their immense distance, 

p. 221. 

, how to compare their 

light, p. 2*1. 

Fluids defined, p. 103. 

press equally in all direc- 
tions, p. 106. 

Focns of a Lens, p. 186. 

Fountains, p. 131. 

Friction, p. 7*. 

— ^ Rollers, p. 75. 



INDEX. 


T'usce of a Watch, why^conicaii pf^. 

O.J. 

Galvanic pile, p. 391 • 

Galvauum, p. 388. ». 

Gold Leaf, ita extreme tenuity, p. 8. 

H. 

Hadley’s Sextant, p. 37T. 

Heat, Scale of, p. 157. 

Helix, p. 68 . 

Herschel. Dr. his speculations on the 
System of the Universe,^. *37 *, 
his discovery of the Calorific 
Rays, p. 306. 

Herschel planet, p. 269. ^ 

Hollow Masts, p. 80. 

Hydraulics defined, p« 10*, 124. 
Hydrometer, p. 116. 

Hydrostatic balance, p. 115. 

bellows, p. 111. 

paradox, p. 109. 

Hydrostatics, p. 10*. 

Hygrometer, p.l53. 


Images of objects by refraction, p. 
188. 


*67 ; his Saletlilcs, p. 367 $ 
Eclipses of bis Satellites uiefiillii 
finding the l^ngitode, p. 367. 


Large bodies more liable to break 
than smaller ones, p. 80. 

Latitude of a place, how found, p« 
*76. 

Law for ascertaming the distances 
and ^licities of the planets, p» 
834 .."^ 

Laws of motion, p. 33. 

Lead, how ma^ t^swim on Water, ^ 
P>108. 

Leaping from a ^aniage, ^by SP 
dangerons, p. 14 ; of Eijnestrinn 
performers over a gartery bow 
performed, p. bt* 

Lenses, p. 165* 

cvel, difference between* the appa- 
rent t 
Lever, 

Leyden pUal,*p. 

Light^ separable int"*'OTerently co- 
loured rays, p.l^. — Moves at the 
rate of 300,000 miles in a secolMp 

p. 180 . . ; 


1, umeroiicc uctwcvu 

It andtrue, p. 247j 
ir, p. 50. J 


by reflection, p. 

190. 

Inclined plane, p. 65. • 

Inertia defined, p. 11. 

Insulated bodies, p. S80, 381. 

Iron Columns, p. 80. 

J. 

Juno, planet, p* 366. 

Jupiter, planet, p. 266 ; his belts, 


Liquids defined, p. 104. 

Longitude, howibund, p. 3^6. 
Lunar MethotiT of finding the Lon* 
gitnde, p. 277. 

• M. 

Magic Lanthorn, p* ^4. 

Magnets, bow made, p. 297. 
Magnetic Axis, p. 399. * 

Magnetic Poles, p. 3J6, *99. 



INDEX. 


Miignetisni) p. ‘>$6. C Nbn>CoDductors, p. ii8o. 

Mains, his discovery of the polarisa- Non-Electric.% p. 280. 

tion of Light) p, 308. ^ i 

Man’s Arm a lover, p. 56. 

Mars, planet, p. 26*k — White spots Oersted, Professor, his disco veiies 
near his poles, p. 266. in Magnetism, p. 300. 

Blatter difinod, p. 5 — Proved to be Optics, p. 178. 

inOnitely divisible, p. 7. Ordinary Rays, p. 308. 

Bl^isare of the Earth, p. 271. 

Mechanical powers, p. 49. 

Meclranics, n. 5. Pallas, planet, p. 266. 

Mercury, planet, p. S40. l^rachnte, p. igl. 

Microscopes, p. 208. Parallax, p. 272. 

ji. 210. Penduhini, p. 38. 

Componiid, p. 210. , of vibration, p,40. 

So?-ir, p. 212. ! — ^ » bow it i emulates a clock, 


Milky-way, j). 223. P* 00, 90. 

Mirrors, p. 192. > compound, p. 95. 

Momentum, p. 4i:. » length according to Cap- 

Bfoon, her distance, period, &c. j>. tain Rater, p. 303. 

’ , vibrates faster at tlu' 

pole*, than at the equator, p. 40, 
Penumbra, p. 257. 

PeiTiission, centre of, p, 40, 

, comp..»itioii of, p. IJ. ti^erigee, p. 258. 

^ , direct srad retrograde of the Perihelion, p. 232. 

planets, p. 241. Periodical Blonth, p. 253. 

Mountains, their height how mea- Phantasmagoria, p. 214. 

Bured by the B<ironietor, p, 159. Pinion and toothed wheel, p. 60. 
Mnltiplying’ti lasses, p. 215. Pisa, leaning tower of, p. 43, 

Bfnsk, extreme minuteness ofits par- ‘^’lanets, p. 231 .— Tiieir proportioti- 
p. 9. ate distances from the Son, p. 240. 

1 Pnenmatics, p, 134. 

^ • Po.sitive Electricity, p. 282. 


— — , hc?^ lodes, p. 253. 

* , lier ^ liases, p, 251. 

Motion, it^'fined, p, i(). 


I^ebula, p. 123. ; Power of Machines, how computed, 

Negative Electricity, p. 282. ! p. 82. 

Nodes of the Bloon, p. 253. j of a Steam Engine, p. 165. 



INHliX, 


Pressure of fluids, law of, p. 1^. 
Primes, p, 84. 

Prism, experiments Jith, p. 196. 
IMolemaic System, p. 229. 

Pulley, p. 62. 

Pumps, liftiiiij, |)i J31. — Foicing, p. 
152. 

Pythagoras taught the true System 
of the Universe, p. 228. 


Rainbow, p. 197. 

Rain Gaii^e, p. 154. 

Reflection of light, p. 190. ^ 
Refraction of light, p. 181. 
RepuKion, p. 22. 

Resistance cf the air, p. 122, 145. 
Ritlolfi, Maiquis said to have mag- 
netised a needle by means of the ' 
violet rays, p. 507. 

Rolling Candlestick, p 
Rope Dancers, p, 43. 


I Speaking Trumpet, p. 173. 
i^>ectacle8, bow they assist vhion, 

p. 202. 

Spira||Curve,*p. 66. 

Spouting fltiids, velocity of, p. 124,' 
Springs, periodical, p. 130. 

^ Stalks of corn, why hollow, p. 79^ 

. Stars, flxed, p 220. 

! Stationary, planets sometimes apj^r 
I so, p. 265. * 

j Steam Engine described, p. 160. 
power oSf 'hovi com- 


, 47. 


t! 


S. 


puled, p. 165. 

Steel Yard, p. 52. » 

Strength of boftes? p. 78. 

Striking train of a clock, described, 
P, 92. ^ 

Sun, the centre of our system, p. 
236. 

, revolves i^outid bis axis, p* 

^ 236. 

I , has *a progressive motion 

I amongst the fixed ste 's, p. 236. 
j Synodical Month, p. -^3.^ 

' Syphon, f«i29. 


Saturn, planet, p. 268.— His SatoL 
lites, p. 268. — His Ring, p. 269. j 
Schehallien, experiment on the moun- 
tain, p. 31. 

Screw, p. 68.— Endless, p. 70. j , reflecting, p. 215. 

Seasons, vaiiation of, explained, p. ; Thermometer, p.j55.^ • 

050 . ! Jkalcs, how 

Smoke Jack, p. 176. * 

Solar S]j^ni, p. 228.— Tabic of, p. 

235. ' % 

Sound, rate at which it travels, p. 

168. 

Specific Gravity, p. 113 .— Table of, 

p. 120. 


! Telescopes, rSiUffng, p. 21 


p. 155. 

Wedgwood’s, 

^ides, occasioned by the moon, p 
261. ^ , 
! Time, how Ibnnd at sea, p. 276. 
Transits of Mercury and V«uus^ p 
243. 
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, V. 

of ll»o Compass p 299. 
p* ll.^How estimated 

l^tts, l^anet, p. 24.S* 
p* 152. 

planet, p, *66. 

I t^iprations of muucal strings, p irs, 
iMjftidc plWt, p. 291 f 
p 288. “ 

W. 

WattclHg Wlieclj p/59 

96. , 

^ IfiUlpr appears not so deep as it 
183 

Wt-^ ^prou'po-ition of it, p. 29 < 


Weather, ruigs forpiognosticatiug it 
from the B|}ioineter, p. 152 

Wedge, p 

Weight, table shewing the diminu 
tioti «t w-t above and below the 
cat thS an I face, p 28 

Wheel and Axis, p. 58 

Wheel-work, how to (alculate tUf 
teeth, p. 85. 

Whispeiing Gallery of St. Paul’s, p 
172. 

Winds, p. 175 

Wollaston, Dr., his discovery of 
Chf mical Rays, p, 506. 


Z. 

2^eno, hiK correct notions conce»’i>ing 
tljr canse of sound, p. lo7. 
Zodiac, p. 
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